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* | TITLE OF THE INVENTION

3

METHOD OF;CORRECTING DEFLECTION DEFOCUSING IN A CRT, A CRT

EM'S;LOYING SAME, AND AN IMAGE DISPLAY SYSTEM INCLUDING SAME
CR’I‘{._

é . BACKGROUND OF THE INVENTION

The present invention relates to a cathode ray tube

(CRT), and particularly to a method of correcting

deflectioh defocusing in a cathode ray tube which is
capable of improving focus characteristics and thereby
obtaining a sufficient resolution over the entire phosphor
screen and over the entire electron beam current region; a
cathode fay tube employing the method; and an image display
system including the cathode ray tube. .

A cathode ray tube such as a picture tube or a
display tube includes at least an electron gun having a
plurality of electrodes and a phosphdr scfeen (screen
having a phosphor film, which is also referréed to as
"phosphor film" or simply to "screen" hereinafter), and it
also includes a deflection device for allowing an electron
beam emitted from the electron gun to scan on the phosphor
screen.

As for such a cathode ray tube, there have been
known the following techniques for obtaining a deéirable

reproduce image on the entire phosphor screen from the
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center to the peripheral portion.

Japanese Patent Publication No. Hei 4-52586
discloses an electron gun emitting three inline electron
beams in which a pair of parallel flat electrodes.are
disposed on the bottom face of a shield cup in such a
manner as to be positioned above and below paths of the
three electron beams in parallel to the inline direction
and to extend toward a main lens.

USP No. 4,086,513 and its corresponding Japanese
Patent qulication No. Sho 60-7345 disclose an electron gun
emitting three inline electron beams in which a pair df
parallel flat electrodes are disposed above and below paths
of the three electron beams iﬁ parallel to the inline
direction in such a manner as to extend from a facing end
of one of a pair of main-lens-forming electrodes toward a
phosphor screen, thereby shaping the electron beams before
the electron beams enter a deflection magnetic field.

Japanese Patent Laid-open No. Sho 51-61766
discloses an electron gun in which an electrostatic
quardrupole lens is formed be;ween specified two pieces of
electrodes and the strength of the electrostatic
quardrupole lens is made to vary dynamicélly in
synchronization with the deflection of an electron beam,
thereby achieving uniformity of an image over the entire

screen.



10

15

20

25

| Japanese Patent Publication No. $ho 53-18866
discloses an electron gun in which an astigmatic lens is
provided in a region between a second grid electrode and a
third grid electrode forming a prefocus lens. .

USP No. 3,952,224 and its corresponding Japanese
Patent Laid-open No. Sho 51-64368 discloses an electron gun
emitting three inline electron beams in which an electron
beam aperture of each of first and second grid electrodes
is formed in an elliptic shape, and the degree of
ellipticity of the aperture is made to differ for each beam

path or the degree of ellipticity of the electron beam

‘aperture of the center electron gun is made smaller than

that of the side electron gun.

Japanese Patent Laid—qpen No. Sho 60-81736
discloses an electron gun emitting three inline electron
beams in which a slit recess provided in a third grid
electrode on the cathode side forms a non-axially-
symmetrical lens, and an eiectron beam is made to impinge
on the phosphor screen through at least one non-axially-
symmetrical lens in which the axial depth of the slit
recess is larger for the center beam than for the side
beam.

Japanese Patent Laid-open No. Sho 54-139372
discloses a color cathode ray tube having an electron gun

enitting three inline electron beams in which a soft



10

15

20

25

magnetic material is disposed in a fringe portions of the
deflection magnetic field to fdrm a pincushion-shaped
magnetic field deflected in the direction perpendicular to
the inline direction of each electron beam, theréby
suppressing a halo caused by the deflection magnetic field
in the direction perpendicular to the inline direction.

The desirable focus chaiacteristics of a cathode ray
tube include a desirable resolution over the entire screen
and over the entire electron beam current region; a
characteristic without generation.of moire in a small-
current region; and uniformity in resolution over the
entire screen and over the entire electron beam current
region. The design of an electron gun for simultaneously
satisfying a plurality of these focus characteristics
requires a high technique.

The studies'by the present inventors showed that an
electron gun having a combination of an astigmatic lens and
a large-diameter main lens is essential to give the above
focus gharacteristics to a cathode ray tube.

In the above-described related arts, however, a
dynamic focus voltage has been required to be applied to a
focus electrode of an electron gun for obtaining a
desirable resolution over the entire screen using an
electrode forming an astigmatic lens, that is, non-axially-

symmetrical lens in the electron gun.
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Fig. 80 is a side view of the entire configuration
of one example of an electron gun used for a cathode ray
tube; and Fig. 81 is a partial sectional view seen in the |
direction of an arrow of Fig. 80 showing an esseﬁtial
portion of the electron gun.

The electron gun of this type has a plurality of
electrodes including a cathode K, a first grid electrode
(Gl) 1, a second grid electrode (G2) 2, a third grid
electrode (G3) 3, a fourth grid electrode (G4) 4, a fifth
grid electrode (G5) 5, a sixth grid electrode (G6) 6, and a
shield cup 100 integrally attached to the sixth grid
electrode (G6) 6. In addition, the fifth grid electrode
(G5) 5 is composed of two electrodes 51, 52.

A focus voltage is applied between the third grﬁd
electrode 3 and the fifth electrode 5, and an anode voltage
is applied only“to the sixth electrode 6, so that an
electron beam produced by a so-called triode portion
composed of the cathode K, the first grid electrode 1 and
the second grid electrode 2 is accelerated and foéused by
an electron lens formed by the third grid electrode 3 to
the sixth grid electrode 6, to project toward a phosphor
screen. -

A magﬁetic field is dependent on the length of each
electrode of the electron gun, the diameter of an electron

beam aperture and the like, and it exerts a different
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effect on an electron beam. For example, the shape of the
electron beam aperture of the first grid electrode near the
cathode K exerts an effect on the spot shape of an electron
beam in a small-current region; however, the shabe of the
electron beam aperture of the second grid electrode exerts
an effect on the spot shape of an electron beam in a wide
current region from the small-current region to the large-
current region.

In the electron gun in which a main lens is formed
between the fifth grid electrode 5 and the sixth grid
electrode 6 by applying an anode voltage to the sixth grid
electrode 6, the shape of the electroﬁ beam aperture of
each of the fifth grid electrode 5 and the sixth grid
electrode 6 forming the main %ens exerts a large effect on
the shape of the electron beam in a large-current region
but exerts a smaller effect on the shape of the electron
beam in a small-current region than in the large-current
region.

The axial length of the fourth grid electrode 4 of
the electron gun exerts an effect on the magnitude of the
optimum focus voltage and also exerts a large effect on a
difference in the optimum focus voltage between a small-
current region and a large-current region. The effect of

the axial length of the fifth grid electrode 5, however, is

significantly smaller than that of the fourth grid
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electrode 4.

Accordingly, it is required for optimizing the
characteristics of each electron beam to optimize the
structure of each electrode to be most effective‘to each
characteristic of the electron beam.

In the case where a shadow mask pitch in the
direction perpendicular to the electron beam scanning
direction is made smaller or the density of electron beam
scanning lines is increased for enhancing resolution in the
direction perpendicular to the electron beam scanning
direction of a cathode ray tube, an interference is
generated between the electron beam scanning line and the
shadow mask particularly in the electron beam small-current
region,'and accordingly moire'contrast must be suppressed.
The relates arts, however, fail to solve the above-
described problems.

For example, Fig. 82A and 82B are schematic views,
each showing an essential portion of an electron gun, for
comparing the two structures of the electron guns depending
on the supply of the focus voltage with each other; wherein
Fig. 82A shows 'a fixed-focus-voltage type electron gun; and
Fig. 82B shows a dynamic-focus-voltage type electron gun.

The configuration of the electron gun of the fixed-
focus-voltage type shown in Fig. 82A is the same as thaﬁ

shown in Figs. 80 and 81, and therefore, parts
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corresponding to those in Figs. 80 and 81 are indicated by
the same characters.

In the electron gun of the fixed-focus-voltage typé
shown in Fig. 82A, a focus voltage Vfl having thé same
potential is applied to the electrodes 51 and 52 forming
the fifth grid electrode 5. In this figure, an equation of
the opening radius Rs>0.1Xopening radius Rs is satisfied.

On the other hand, in the elecéron gun of the .
dynamic-focus-voltage type shown in Fig. 82B, different
focus voltages are respectively supplied to the electrodes
51 and 52 forming the fifth grid electrode 5. 1In
particular, a dynamic focus voltage dVf is supplied'to the
electrode 52.

In the electron gun of the dynamic—focus—voltaée
type shown in Fig. 82B, moreover, the electrode 52 has a
portion extending in the electrode 51. This complicates
the structure as compared with the electron gun shown in
Fig. 82A, to increase the cost of parts and make poor the
efficiency in the assembling process.

Figs. 83A and 83B are graphs showing focus voltages
respectively supplied to the electron guns shown in Figs.
82A and 82B, wherein Fig. 83A.shows a foéus voltage
supplied to the electron gun of the fixed-focus-voltage
type; and Fig. 83B shows the focus voltage supplied to the

electron gun of the dynamic-focus-voltage type.
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Specifically, Fig. 83A shows the state that the
fixed focus voltage Vf; is applied to the third grid
electrode 3 and the fifth grid electrode 5 (51, 52). On
the other hand, Fig. 83B shows the state that thé fixed
focus voltage Vf; is applied to the third electrode 3 and
the electrode 51 of the fifth grid electrode 5 and a

voltage having a waveform in which another fixed focus

‘voltage V£; superposed with the dynamic focus'voltage avt

is applied to the electrode 52 of the fifth grid electrode
5.

As a result, the electron gun of the dynamic-focus-
voltage type shown in FIg. 83B requires two stem pins for
supplying focus voltages, and thereby it requires high;
voltage insulation from the other stem pin as compared ﬁith
the electron gun of the fixed-focus-voltage type shown in
Fig. 83A.

Accordingly, the dynamic-focus-voltage type
electron gun requires a specified structure in a current
supply socket to a cathode ray tube in a TV receiver set
and a terminal display system, and further it requires a
dynamic-focus-voltage generating circuit in addition to the
two fixed-focus-voltage power supplies. This causes a
disadvantage in that it takes a lot of time for adjusting
two focus voltages the lens actions of which interact with

each other and phasing a dynamic focus voltage to electron
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beam deflection.

Especially, for use in multimedia expected to be
widely spread soon, a display system needs to be capable of
being driven at a plurality of deflection frequeﬁcies.

This requires dynamic focus voltage generators for
respective deflection frequencies and phasing a dynamic
focus voltage to electron beam deflection at respective
frequencies, increase the cost of electrical circuits and
set-up procedures, which increase.with the screen size and
maximum deflection angle of a cathode ray tube

exponentially

SUMMARY OF THE INVENTION
An object of the presgnt invention is to solve the
above-described problems of the related arts, and to
provide a method of correcting deflection defocusing in a

cathode ray tube which is capable of improving focus

characteristics and obtaining a desirable resolution over

the entire screen and over the entire electron beam current
region, particularly, without dynamic focusing, and which
is also capable of reducing moire in a smail-current region
and operation by a single fixed voltage regardless of
deflection frequencies; a cathode ray tube employing the
method; and an image display syétem including the cathode

ray tube.
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Another object of the present ifivention is to solve
the above-described problems of the related arts, and to
provide a method of correcting deflection defocusing of a
cathode ray tube which is capable of iﬁproving fécus
characteristics and obtaining a desirable resolution over
the entire screen and over the entire electron beam current
region, pafticularly, at a low dynamic focusing voltage; a
cathode ray tube employing the method; and an image diéplay
system including the cathode ray tube.

In a cathode ray tube, the maximum deflection angle
(hereinafter, referred to simply to "deflection angle" or
"deflection amount") is substantially in a specified range,
and accordingly, as the size of a phosphor screen is
enlarged, a distance between ;he phosphor screen and a main
focus lens of an electron gun is extended, as a result of
which a mutual space-charge repulsion of an electron beam
functioning in such a space promdtes the lowering of focus
characteristics.

Accordingly, resolution of a cathode ray tube can
be improved by provision a means for reducing the lowering
of focus characteristics due to the above space-charge
repulsion thereby obtaining a small electron beam spot as
in a small size phosphor screen.

A further object of the present invention is to

provide a method of correcting deflection defocusing of a
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cathode ray tube which is capable of reducing the lowering
of focus characteristics due to a space-charge repulsion of
an electron beam functioning between a phosphor screen and
a main focus lens of an electron gun; a cathode fay tube
employing the method; and an image display system including
the cathode ray tube.

Still a further object of the present invention is
to provide a method of correcting deflection defocusing of
a cathode ray tube which is capable of improving focus
characteristics and of reducing the total length of the
cathode ray tube; a cathode ray tube employing the method;
and an image display system including the cathode ray tube.

An additional object of the present invention is to
provide a method of correétinq deflection defocusing of a
cathode ray tube which is capable of preventing the
lowering of uniformity of an image over the entire screen
even for a cathode ray tube of a wider deflection angle; a
cathode ray tube employing the method; and an image display
system including the cathode ray tube.

The total length of a cathode ray tube can be
shortened by extending a deflection angle. The depth of
the existing TV receiver set (hereinafter, referred to as
"TV set") is dependent on the total length of the cathode
ray tube, and it is desirable to be shorten as much as

possible because the TV set is generally regarded as a
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furniture. The shortening of the depth of a TV set is also _
advantageous in transportation efficiency at the time when
a TV set maker transports a large number of TV sets.

To achieve the above object, according té a
preferred embodiment of the present invention, there is
provided a cathode ray tube including at least an electron
gun having a plurality of electrodes, a deflection device,
and a phosphor screen, wherein the cathode ray tube
includes pole pieces in a deflection magnetic field for
locally modifying the deflection magnetic field, thereby
correcting deflection defocusing of an electron beam.

The above correction of deflection defocusing is
preferably performed in accordance with a deflection amount
by forming, in a deflection mqgnetic field, at least one
locally modified non-uniform magnetic field synchronized
with the deflection magnetic field on each of opposite
sides of a path of an undeflected electron beam.

The above correction of deflection defocusing is
also preferably performed in accordance with a deflection
amount by forming, in a deflection magnetic field, a
locally modified non-uniform magnetic field synchronized
with the deflection magnetic field at a bosition
substantially centered about a path of an undeflected
electron beam.

Preferably, the above locally modified non-uniform
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magnetic field has a diverging or focusing action on an
electron beam, and it corrects deflection defocusing in
accordance with a deflection amount in the electron beam
scanning direction or in the direction perpendicﬁlar to the
scanning direction.

According to another embodiment of the present
invention, there is provided a color cathode ray tube of
the type having three inline electron beams, wherein
deflection defocusing is corrected in accordance with a
deflection amount by locally modified non-uniform magnetic
fields formed in a deflection magnetic field in such a
manner as to be different in intensity between for the
center electron beam and for each side electron beam.

According to a furthef embodiment of the present

invention, there is provided a color cathode ray tube of

the type having three inline electron beams, wherein

deflection defocusing is corrected .in accordance with a
deflection amount in a state that a locally modified non-
unifo;m magnetic field for each side electron beam formed
in a deflection magnetic field has distributions different
between on the side near the center electron beam and on
the side remote from the center electron beam.

According to still a further embodiment, there is
provided a color cathode ray tube of the type having three

inline electron beams, wherein locally modified non-uniform
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magnetic fields are formed in a deflection magnetic field.
in such a manner that a locally modified non-uniform
magnetic field having a diverging action synchronized with
the deflection magnetic field is disposed at eacﬁ of sides
of a path of an undeflected electron beam in the direction
perpendicular to the inline direction, thereby correcting
deflection defocusing in the direction perpendicular to the
inline direction; and a locally modified non-uniform
magnetic field having a focusing action synchronized with
the deflectipn magnetic field is disposed at each of sides
of the path of the undeflected electron beam in the inline
direction, thereby correcting deflection defocusing in the
inline direction.

The above correction qf deflection defocusing ih
the present invention is preferably performed in accordance
with a deflection amount by forming, in a deflection
magnetic field, at least one locally modified non-uniform
magnetic field varying in synchronization with a variation
in the deflection magnetic field at each of sides of a path
of an undeflected electron beam. |

The material of the magnetic path formed in a
deflection magnetic field for correcting.the above
defléction defocusing in the present invention is.
preferably a soft magnetic material.

The material of the magnetic path formed in a
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deflection magnetic field for correcting the above

deflection defocusing in the present invention is also

preferably a soft magnetic material having a relative

permeability of 50 or more.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which form an integral part of the
specification and are to be read in conjunction therewith,
and in which like reference numerals designate similar
components throughout the figures; and in which:

Figs. 1A and 1B are respectively a schematic
sectional view and a magnetic distribution diagram,
illustrating a first embodiment of a method of correcting
deflection defocusing of a ca?hode ray tube according to
the present invention;

Figs. 2A and 2B are respeétively a schematic
sectional view and a magnetic distribution diagram,
illustrating a éecond embodiment of the method of
correcting deflection defocusing of a cathode ray tube
according to the preseht invention;

Figs. 3A to 3D are schematic views illustrating a
fourth embodiment of a method of correcﬁing deflection
defocusing of a cathode ray tube according to the present
invention, wherein Figs. 3A and 3C are sectional views, and

Figs. 3B and 3D are magnetic distribution diagrams;
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Figs. 4A to 4D are schematic views illustrating a
fifth embodiment of a method of correcting deflection
defocusing of a cathode ray tube according to the present
invention, wherein Figs. 4A and 4C are sectional-views, and
Figs. 4B and 4D are magnetic distribution diagrams;

Fig. 5 is a schematic sectional view illustrating a
first embodiment of a cathode ray tube of the present
invention;

Fig. 6 is a schematic sectional view of an
essential portion of the cathode ray tube of the present
invention, illustrating an operation of the cathode ray
tube;

Fig. 7 is a schematic sectional view, similar to
Fig. 6, of aﬁ essential portign of a cathode ray tube fn-
which deflection defocusing correction pole pieces are not
provided, illustrating the effect of the deflection
defocusing correction pole pieces for forming a locally
modified non-uniform magnetic field in the cathode ray tube
of the present invention in comparison with a related art;

Figs. 8A and 8B are respectively a sectional top
view and a sectional side view, of an essential portion of
the cathode ray tube of the present inveﬁtion, illustrating
another operation of the cathode ray tube;

Fig. 9 is a schematic sectional view, similar to

Figs. 8A and 8B, of an essential portion of a cathode ray
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tube in which deflection defocusing correction pole pieces
are not provided, illustrating the effect of the deflection
defocusing correction pole pieces for forming a locally
modified non-uniform magnetic field in the cathodé ray tube
of the present invention in comparison with a related art;

Figs. 10A and 10B are views illustrating an axial
deflection magnetic field distribution of a deflection
magnetic field in a cathode ray tube having a deflection
angle of 100° or more, wherein Fig. 10A is the deflection
magnetic field distribution, and Fig. 10B shows a
positional relationship;

Figs. 11A and 11B are views illustrating an axial
deflecfion magnetic field distribution of a deflection
magnetic field in a cathode ray tube having a deflectioﬁ
angle of 100° or less, wherein Fig. 11A is the deflection
magnetic field distribution, and Fig. 11B shows a
positional relationship;

Fig. 12 is a perspective view showing the
configuration example of deflection defocusing pole pieces
of the present invention for forming in a deflection
magnetic field a locally modified non~un;form magnetic
field synchronized with the deflection magnetic field;

Fig. 13A is a sectional view of an essential

portion of one example of an electron gun used for the

- cathode ray tube of the present invention;
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Fig. 13B is an exploded perspective view showing an
assembly of pole pieces and a shield cup used for the
cathode ray tube of the present invention;

Fig. 13C is a front view showing the detéils of the
pole pieces;

Fig. 14 is a schematic view illustrating one
example of an electron gun used for the cathode ray tube of
the present invention;

Fig. 15A and 15B are views illustrating in detail
defocusing correction lines of magnetic force in the
vertical and horizontal directions in configuration
examples of deflection defocusing correction pole pieces
used for a color cathode ray tube of the three inline
electron beam type of the present invention, respectivély;

Fig. 16A and 16B are views illustrating in detail
defocusing correction lines of magnetic force in the
vertical and horizontal directions in another configuration
examples of the deflection defocusing correction pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention,
respectively;

Fig. 17A and 17B are views illusfrating in detail

_ defocusing correction lines of magnetic force in the

vertical and horizontal directions in further configuration

examples of the deflection defocusing correction pole
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pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention,
respectively;

Fig. 18 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 19 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 20 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 21 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inling electron beam type of the present invention;

Fig. 22 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 23 is a view illustrating in detail a further

configuration example of the deflection defocusing pole
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pieces used for the coior cathode ray tube of the three
inline electron beam type of the present invention;

Figs. 24A and 24B are respectively a front view and
a side view illustrating in detail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 25A and 25B are respectively é front view and
a side view illustrating in detail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 26A and 26B are respectively a front view and
a side view illustrating in d?tail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 27A and 27B are respectively a front view and
a side view illustrating in detail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 28A and 28B are respectively a front view and
a side view illustrating in detail a further configuration

example of the deflection defocusing pole pieces used for
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the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 29A and 29B are respectively a front view and
a side view illustrating in detail a further configuration
example of the defléction defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Fig. 30 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color c;thode ray tube of the three
inline electron beam type of the present invention;

Fig. 31 is a view illustrating in detail a further
configuraﬁion example of the deflection defocusing pole
pieces used for the color cat@ode ray tube of the threé
inline electron beam type of the present invention;

Fig. 32 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 33 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for thé color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 34 is a view illustrating in detail a fufther

configuration example of the deflection defocusing pole



10

15

20

25

- 23 -

pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Figs. 35A and 35B are respectively a front view and
a side view illustrating in detail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Fig. 36 is a view illuétrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Figs. 37A and 37B are respectively a front view and
a side view illustrating in detail a further configuration
example of the deflection dechusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Fig. 38 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 39 is a view illustrating in detail a further
configuration example of the deflection aefocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 40 is a view illustrating in detail a further
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configuratién example of the deflectiorn defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 41 is a view illustrating in detail-a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present.invention;

Fig. 42 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cathode ray tube of the three
inline electron beam type of the present invention;

Fig. 43 is a view illustrating in detail a further
configuration example of the deflection defocusing pole
pieces used for the color cat?ode ray tube of the threé
inline electron beam type of the present invention;

Figs. 44A and 44B are respectively a front view and
a side view illustrating in detail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 45A and 45B are respectively a front view and
a side view illustrating in detail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of fhe three inline electron

beam type of the present invention;



10

15

20

25

- 25 -

Figs. 46A and 46B are respectively a front view and
a side view illustrating in detail a further configuration
example of the deflection defoéusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 47A and 47B are respectively a front view and
a side view illustrating in detail a further configuration
‘example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 48A and 48B are respectively a front view and
a side view illuétrating in detail a further configuration
example of the deflection defocusing pole pieces used for
the color cathode ray tube of the three inline electron
beam type of the present invention;

Figs. 49A to 49C are respectively a sectional view,
a front view and a perspective view of a main lens portion
of a configuration example of a single electron beam type
electron gun for a cathode ray tube to which the present
invention is applied;

Figs. 50A to 50C are respectively a sectional view,
a front view and a perspective view of a main lens portion
of another configuration example of the single electron
beam type electron gun for a cathode ray tube to which the

present invention is applied;
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Fig. 51 is a view of an electron gun essential
portion illustrating the trajectory of an electron beam in
the case where the diameter of an anode electrode is larger
than that of a focus electrode among the electrodes forming
the main lens shown in Figs. 49A to 49C and Figs. 50A to
50C;

Fig. 52 is a view illustfating an electron gun
essential portion and trajectories of electron beams in the
case where the diameter of an anode electrode is larger
than that of a focus electrode among the electrodes forming
the main lens shown in Figs. 49A to 49C and Figs. 50A to
50C;

Figs. 53 is a view showing an essential portion of
a further configuration examp%e in which the present
invention is applied to a single electron beam type
electron gun for a cathode raj tube;

Figs. 54 is a view showing an essential portion of
a further configuration example in which the present
invention is applied to a single electron beam type
electron gun for a cathode ray tube;

Figs. 55 is a view showing an essential portion of
a furthér configuration example in which the present
invention is applied to a single electron beam type
electron gun for a cathode ray tube;

Figs. 56 is a view showing an essential portion of
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a further configuration example in which the present
invention is applied to a single electron beam type
electron gun for a cathode ray tube;

Fig. 57 is a partial sectional view of a‘three
inline beam type electron gun for a cathode ray tube to
which the present invention is applied;

Fig. 58 is.a view showing the entire appearance of
another three-inline beam type electron gun for a céthbde
ray tube to which the present invention is applied;

Fig. 59 is a view illustrating how a space-charge
repulsion exerts an effect on an electron beam between a
mainllens and a phosphor screen;

Fig. 60 is a view illustrating a relationship
between a distance from a maiq lens to a phosphor screén

and a diameter of an electron beam spot on the phosphor

- screen;

Fig. 61 is a schematic sectional view illustrating
a dimensional example in the first embodiment of the
cathode ray tube of the present invention;

Figs. 63A and 63B are a front view and a side view
of an image display system of the present invention,
respectively;

Figs. 63C and 63D are a front view and a side view
of a related art image display system, respectively;

Fig. 64 is a graph illustrating a relationship
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between a deflection amount (deflection angle) and a
deflection defocusing amount;

Fig. 65 is a graph illustrating a relationship
between a deflection amount and the amount of deflection
defocusing correction;

Fig. 66 is a view illustrating focusing electron
beams onto a phosphor screen

Fig. 67 is a view illustrating scanniﬁg lines
formed on a panel portion forming a phosphor screen of a
cathode ray tube;

Figs. 68A to 68C are a front view, a sectional view
and an exploded perspective view of a configuration example
of deflection defocusing correction pole pieces;
respectively; .

Fig. 69 is a schematic sectional view of a color
cathode ray tube of the inline electron gun and shadow mask
type:

Fig. 70 is a view illustrating an electron beam
spot in the case where peripheral phosphors are excited by
an electron beam focused to a circular spot at the screen
center;

Fig. 71 is a view illustrating a.deflection
magnetic field distribution of a cathode ray tube;

Fig. 72 is a schemaéic view of electron optics of

an electron gun illustrating distortion of the shape of an
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electron beam spot;

Fig. 73 is a view illustrating a means for
suppressing the lowering of an image at a peripheral
portion of the screen shown in Fig. 72;

Fig. 74 is a schematic view illustrating the shape
of an electron beam.spot on a phosphor screen in the case
of using a lens system shown in Fig. 73;

Fig. 75 is a schematic view of electron optics.of
an electron gun in which the lens strength of a prefocus
lens is increased in the horizontal (X-X) direction in
place of using the non-axially-symmetrical main lens;

Fig. 76 is a schematic view of electron optics of
an electron gun in which the configuration shown in Fig. 75
is added with a halo suppress%ng effect; -

Fig. 77 is a schematic view illustrating the shape
of an electron beam spot on a phosphor screen in the case
of using the lens system shown in Fig. 76;

Fig. 78 is a schematic view of electron optics of
an electron gun illustrating the trajectory of an electron
beam in a small-current region;

Fig. 79 is a schematic view of electron optics of
an electron gun in the case where the leﬁs strength of a
divergent lens side in a prefocus lens is increased in the
vertical (X-Y) direction of the screen;

Fig. 80 is a side view of the entire configuration
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of one example of an electron gun used for a cathode ray
tube;

Fig. 81 is a partial sectional view of an essential
portion of the electron gun shown in Fig. 80, seen in the
direction of the arrow;

Figs. 82A and 82B are schematic sectional views of
essential portions of electron guns for comparing the
configurations of the electron guns depending on the supply
of a focus voltage with each other, wherein Fig. 82A shows
a fixed-focus-voltage type, and Fig. 82B shows a dynamic-
focus-voltage type;

Fig. 83A and 83B are graphs illustrating focus-
voltages supplied to the electron'guné shown in Figs. 82A
and 82B, respectively; and .

Figs. 84A, 84B to 89a, 89B, each of which are a
front view and a sectiomal view illustrating a combination
embodiment of deflection defocusing correction pole pieces
and a pole piece support used for a color cathode ray tube
of the type having three inline electron beams of the

present invention.

DETAILED DESCRIPTION OF THE PREFERﬁED EMBODIMENTS
A method of correcting deflection defocusing of the
present invention, a cathode ray tube employing the method,

and an image display system including the cathode ray tube,
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have the following advantages:

(1) A deflection defocusing amount in a cathode ray
tube is, in general, rapidly increased with an increase in
deflection amount. According to the present invéntion,
deflection defocusing can be.corrected by provision of a
magnetic member in a deflection magnetic field for forming
a locally modified non-uniform magnetic field having a
variable focusing or diverging action on an electron beam
when the electron beam is deflected and varied in its
trajectory by a deflection magnetic field.

(2) Fig. 64 is a graph illustrating a relationship
between a deflection amount (deflection angle) and a
deflection defocusing amount; and Fig. 65 is a graph
illustrating a relationship between a deflection amount and
the amount of deflection defocusing correction.

As shown in Fig. 64, a deflection defocusing amount
of an electron beam is increased as a defléction angle of
the electron'beaﬁ is increased. According to the present
invention, a deflection defocusing rapidly increased in
accordance with a deflection amount can be corrected by
fofming, in a deflection magnetic field, a locally modified
non-uniform magnetic field capable of inéreasing a
deflection defocusing correction amount in accordance with
a deflection amount as shown in Fig. 65 when an electron

beam is deflected and varied in its trajectory by the
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deflection magnetic field.

(3) As one effective example of the locally modified
non-uniform magnetic field capable of properly increasing a
focusing or diverging action on an_eléctron beam-in
accordance with a deflection amount when the electron beam
is deflected and varied in its trajectory by a deflection
magnetic field, locally modified non-uniform magnetic
fields symmetrically distributed or asymmetrically
distributed in a deflection direction may be disposed on
opposite sides of a path of an undeflected electron beam.

The amount of the focusing or diverging action on
an electron beam is increased as the electron beam is
separated remotely from the path of the undeflected
electron beam. .

It is to be noted that the wording "locally
modified non-uniform magnetic field" in the present
invention means that magnetic flux densities have a
distribution.

The state of a deflected electron beam passing
through each of the magnetic fields which are disposed on
opposite sides of the path of the undeflected electron beam

and which have a diverging action on the electron beam in

synchronization with a deflection magnetic field, is

compared with the state of the undeflected electron beam as

follows: Namely, the electron beam passing through a
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portion remote from the path of the undeflected electron
beam diverges as it travels in the locally modified non-
uniform magnetic field, and the beam bundle is also
separated remotely from the path of the undeflecéed
electron beam.

The rate of change in trajectory is also larger on
the side remote from the path of the undeflected electron
beam. This is because the amount of correcting magnetic
fluxes interlinked with each other is increased at a
position separated remotely from the path of the
undeflected electron beam. The reason why the amount of
the interlinked magnetic fluxes is increaéed is that an
interval between lines of magnetic force becomes narrower
{magnetic density is increase@) and/or an area containihg
the interlinked magnetic field becomes wider.

In general, a distance frpm a main lens of an
electron gun of a cathode ray tube to a phosphor screen is
longer at a screen peripheral portion than at the screen
center, so that when a deflection magnetic field has no
focusing or diverging action on an electron beam, the
optimum focus of an electron beam at the screen center
causes overfocus of an electron beam at Ehe peripheral
portion of the screen.

According to the present invention, the overfocus

of an electron beam at the peripheral portion of the screen
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can be reduced by forming, in a deflection magnetic field,
a locally modified non-uniform magnetic field capable of
increasing a diverging action in synchronization with an
increase in deflection amount, thereby correctin§ the
deflection defocusing in accordance with the deflection
amount as shown in Fig. 65.

Accordiné to thé present invention, when a
deflection magnetic field has a focusing action on an
electron beam, a locally modified noﬁ-uniform magnetic
field capable of further increasing the strength of the
diverging action is formed in the deflection magnetic
field, so that the diverging action of the locally modified
non-uniform magnetic field increased in synchronization
with an increase in the deflection amount can overcome the
increased focusing action_of the deflection magnetic field,
thereby correcting the deflection defocusing including
overfocus of an electron beam at a peripheral portion of
the screen due to the geometrical structure of a cathode
ray tube.

(4) Fig. 66 is a view illustrating focusing of an

electron beam on a phosphor screen. In this figure,

reference numeral 103 indicates a focusihg electrode; 104

is an anode; 13 is a phosphor film; and 38 is a main lens.
| Fig. 67 1s a view illustrating scanning lines

formed on a panel portion of a phosphor screen of a cathode
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ray tube. In this figure, reference numeral 14 indicates a
panel portion; and 60 is a scanning locus.

In most cases, the deflection of a cathode ray tube
is performed for allowing an electron beam to 1iﬁearly scan
as shown in Fig. 67. The linear séanning locus 60 is
called the scanning line.

A deflection magnetic field often differs between
in the scanning direction (X-X) and in the direction (Y-¥)
perpendicular to the scanning direction. An electron beam
also tends to receive a focusing action which differs
between in the scanning direction and the direction
perpendicular to the scanning direction by at least one of
a.plurality of electrodes forming an electron gun before
largely receiving the action qf a locally modified non-
uniform magnetic field formed in the deflection magnetic
field.

It is also dependent on the application ﬁse of a
cathode ray tube whether deflection defocusing correction
in the scanning direction is embhasized or deflection
defécusing correction in the direction perpendicular to the
scanning direction is emphasized. In addition, technical
means concerning deflection defocusing correction depending
on the scanning direction, content of the correction, and
amount of the correction, are generally independent from

each other and are different in necessary cost; however,
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the-present invention can simultaneously cope with them
only by one technical means.

(5) In the case of forming a locally modified non-
uniform magnetic field having a focusing action
synchronized with a deflection magnetic field at a position
substantially centered about a path of an undeflected
electron beam, an electron beam deflected and passing
through a portion remote from the path of the undeflected
electron beam is cqmpared with the undeflected electron
beam as follows: Namely, the electron beam passing through
a portion remote from the path of the undeflected electron
beam focuses in an amount larger than that of the
undeflected electron beam as it travels in the locally
modified non-uniform magneticlfield, and the beam bundle is
also separated remotely from the path of the undeflected
electron beam.

The rate of change in trajectory of the electron
beam is smaller on the side remote from the path of the
undeflected electron beam. This is because the amount of
magnetic fluxes interlinked with each other is decreased at
a position separated remotely from the path of the
undeflected electron beam. The reason why the amount of
the interlinked magnetic fluxes is decreased is that an
interval between lines of magnetic force becomes wider

(magnetic density is decreased) and/or an area containing
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the magnetic field becomes narrower.

When a deflection magnetic field has a diverging
action on an electron beam, deflection defocusing can be
corrected in accordance with a deflection amount-as shown
in Fig. 65 by forming, in the deflection magnetic field, a
locally modified non-uniform magﬁetic field capable of
increasing a focusing action in synchronization with an
increase in the deflection amount thereby reducing
overfocus of the electron beam at a peripheral portion of a
phosphor screen.

In addition, technical means concerning deflection
defocusing correction depending on the scanning direction,
content of the correction, and amount of the correction,
are generélly independent froq each other and are diffe}ent
in necessary cost; however, the present invention can
simultaneously cope with them only by one technical means.
(6) In a color cathode ray tube of the type having
three inline guns diéposed in a horizontal plane, a

vertical deflection magnetic field having a barrel—shaped.

magnetic line distribution and a horizontal deflection

magnetic field having a pincushion-shaped magnetic line
distribution are used (see Fig. 71, descfibed later) for
eliminating or simplifying a circuit for controlling
convergence of three electron beams on a phosphor screen.

The deflection defocusing amount of each side beam
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of three inline electron beams given by a deflection
magnetic field is dependent on the intensity of the
deflection magnetic field and on the direction of tﬁe
horizontal deflection. For example, the magnetié Flux
distribution of the deflection magnetic field, through
which the rightward electron beam of the inline arrangement
(in the direction of the cathode ray tube seen from the
phosphor screen side) traverses, differs between the case
where the rightward electron beam is deflected on the left
half of the phosphor screen and the case where it is
deflected on the right half. In other words, the
deflection defocusing amount of the rightward electron beam
differs between the above two cases, and thereby the image
quality given by the rightwarq electron beam varies at the
right and left ends of the phosphor screen.

To suppress the variation in the image quality at
the right and 1eft_ends of the phosphor screen, the amount
of a focusing or diverging action on each side electron
beam is required to vary depending on whether the side
electron beam is deflected rightward or"leftward with
respect to the center of the side electron gun.

The present invention can effectively solve the
above inconvenience of each side electron beam of the
inline arrangement by forming, in the deflection magnetic

field, locally modified non-uniform magnetic fields having
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distributions different on the right and left sides with
respect to the center of the electron gun.

In the case of forming locally modified non;uniform
magnetic fields having diverging actions being different in
strength and synchronized with a deflection magnetic field
on opposite sides of a path of an undeflected electron
beam, a deflected electron beam diverges in an amount
larger than that of the undeflected electron beam as it
travels in the locally modified non-uniform magnetic field,
and the beam bundle is also separated remotely from the
path of the undeflected electron beam.

The rate of change in trajectory of the electron
beam is larger on the side remote from the path of the
undeflected electron beam. T@is is because the amount of
magnetic fluxes interlinked with each other is increased'aﬁ
a position separated remotely from the path of the
undeflected electron beam. The reason why the amount of
the interlinked magnetic fluxes is increased is that an
interval between lines of magnetic force becomes narrower
and/or an area having the magnetic field becomes wider.

The rate of change in trajectory becomes larger as the
degree of narrowing the interval in lines of magnetic force
is increased and/or the degree of widening the area
containing the magnetic field is increased.

On the magnetic field side where the degree of
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narrowing the interval in lines of magnetic force is
decreased and/or the degree of widening Ehe area containing
the magnetic field is decreased at a position sepérated
remotely from the path of the undeflected electrén beam, a
deflected electron beam diverges in an amount larger than
that of the undeflected electron beam as it travels in the
locally modified non-uniform magnetic field, and the beam
bundle is also separated remotely from the path of the;
undeflected electron beam.

The rate of change in trajectory of the electron
beam is larger on the side remote from the path of the
undeflected electron beam; however, the degree of the
change iﬁ trajectory is smaller than that on the magnetic
field side where the degree of narrowing the interval in
lines of magnetic force is increased and/or the degree of
widening the area having the magnetic field is increased at
a position separated remotely from the path of the
undeflected electron beam. This is because the degree of
increasing the amount of the interlinked magnetic fluxes is
made smaller at a position separated remotely from the path
of the undeflected electron beam. The reason why the
degree of increasing the amount of the interlinked magnetic
fluxes is small is that the degree of narrowing the
interval between lines of magnetic force is small and/or

the widening of the area having the magnetic field is
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small.
Accordingly, the deflection defocusing correction

shown in Fig. 65 can be achieved by forming, in a

" deflection magnetic field, a magnetic field having a

diverging action which increases in synchronization with an
increase in a deflection amount in such a manner that the
increasing degree thereof is dependent on the deflection
direction.

When a deflection magnetic field has a diverging
action on an electron beam gives a different deflection
defocusing depending on the deflection diiection to the
electron beam, the deflection defocusing correction shown.
in Fig. 65 can be achieved by forming, in the magnetic
field, a magnetic field with a distribution shown in Figs.
4A to 4D, so that the focusing action of the magnetic field
can increase in synchronization with an increase in a |
deflection amount in such a manner that the increasing
degree thereof is dependent on the deflection direction.
(7) . In order to improve uniformity of resolution over
the entire phosphor screen by forming a locally modified
non-uniform magnetic field in a deflection magnetic field,
an electron beam is required to be deflected in such a
manner as to traverse a magnetic field area having a
distribution in a necessary amount in the deflection

direction. In other words, there is a suitable positional
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relationship between the locally modified non-uniform
magnetic field and the deflection magnetic field.

At the same time, the effect of correcting
deflection defocusing is dependent on the amount'of the
magnetic flux of the locally modified non-uniform magnetic
field formed in the deflection magnetic field. The amount
of the magnetic flux is dependent on a magnetic flux
density and on an area having the magnetic field. The-
magnetic field is generated between at least two pole
pieces. The magnetic flux density and the magnetic field
area are determined by the combination of the structure and
arrangement of the above pole pieces, and the magnetic flux
density between the pole pieces, and further they'are
related to the préctical diameter of an electron beam
bassing through the magnetic field and the practical
magnitude of the magnetic flux density.

The above-described at least two pole pieces for
forming a locally modified non-uniform magnetic field and
correqting deflection defocusing in accordance with a
deflection amount are referred to as "deflection defocusing
correction pole pieces". The number of the pole pieces is
not particularly limited, for exahple, may be three pieces
or more, and part bf the other electrode may be serves as
the pole piece.

The amount of the magnetic flux necessary for
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deflection is dependent on a voltage on a phosphor screen,
and these values can be consolidated into a single design
parameter by dividing the magnetic flux amount by the root
of the voltage on the phosphor screen. The singie design
parameter makes clear the analysis of the trajectory of an

electron beam in the uniform magnetic field, and is

effective to improve the setting accuracy of the magnetic

field and to achieve a suitable deflection defocusing
correction.

The necessary magnetic flux is dependent on the
area of the uniform magnetic field and the magnetic flux
density thereof. The necessary magnetic density may be
made smaller as the magnetic field area is made wider. The .
magnetic flux densit& of the locally modified non—uniféfm
magnetic field is also dependent on the positional
relationship between a pair of the pole pieces for forming
the locally modified non-uniform magnetic field, on the
magnetic flux density between the pole pieces, ahd on the
structure of the pole pieces. The intensity of the
magnetic field near an electron beam is increased as the
adjacent pole pieces come to be closer to each other.

The intensity of the magnetic field can be
increased by increasing the magnetic flux density between
the adjacent pole pieces. The significantly increased

intensity of the magnetic field, however, causes an
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inconvenience that an electron beam impinging a portion
near the screen center of the cathode ray tube is also
largely distorted by the locally modified non-uniform
magnetic field, with a result that resolution near the
screen center is reduced to the degree being not
negligible. Accordingly, the magnetic density between the
adjacent pole pieces has a limitation.

The narrowing of an interval between the above'pole
pieces is expected to generate a focusing or diverging
action on an electron beam in synchronization with a slight
change in trajectory of the electron-beam} however, such an
interval between the pole pieces is practically limited to
0.5 mm in consideration of the diameter of the electron
beam. According to the presegt invention, in the case
where the maximum deflection angle of the cathode ray tube
is 100" or more, a desirable effect can be obtained when
the above design parameter consolidating the magnetic flux
density B and the voltage Eb on the phosphor screen
satisfies the following equation:

B/Y Eb =0.02mT - (kv)-1/2
where B is in mT, and Eb is in kilovolts.
(8) The distribution of a deflection magnetic field of
a cathode ray tube concerns the structure of a deflection
device. When the maximum deflection angle is specified,

the maximum magnetic density of the magnetic flux divided
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by the root of the voitage on the phosphor screen is
substantially determined. The position of the locally
modified non-uniform magnetic field formed in the
deflection magnetic field may be set in the axial
deflection magnetic field at an area having a specified
levél or more of the maximum magnetic density.

The -above method of setting the position of the
locally modified non-uniform magnetic field significantly
simplifies the measurement of the magnetic flux density as
compared with the case of setting the position of the
locally modified non-uniform magnetic field on the basis of
the absolute value of the magnetic flﬁx density. Naﬁely,
the measurement of the magnetic flux density in this method
may be relatively compared wi?h the maximum magnetic flux
density, and thereby this method is advantageous from the
practical viewpoint. In this case, the maximum magnetic
flux density varies depending on the shape of a magnetic
material; however, an error due to such a variation is
negligible.

According to the present invention, when the
maximum deflection angle of a cathode ray tube is 100° or
more, the effect can be practically achiéved by specifying
the level of the above magnetic flux density to be 5% or
more of the maximum magnetic flux density of a deflection

mégnetic field distribution at the end portions, on the
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phosphor screen side, of the pole pieces for forming a
locally modified non-uniform magnetic field, in
consideration of the pole pieces and the positional
relationship between the pole pieces described in7(7).

(9) Since the magnetic flux density is dependent on a
relative permeability of the magnetic member (pole pieces),
it is closely dependent on the position of a magnetic cofe
of a coil for generating a deflection magnetic field. The
area having a necessary magnetic flux density may be
determined on the basis of a distance between'pole piéces
for forming a locally:modified-non—uniform magnetic field
and the above core of the coil. This method, which is only
based on the position_of the core of the coil for

generating a deflection magneqié field, can eliminate the

measurement of a magnetic flux density, and thereby it is

advantageous from the practical viewpoint.

In such a method, the magnetic flux density
distribution varies depending on the shape of the core;
however, an error due to such a variation is negligible.

According to the present invention, when the
maximum deflection angle of a cathode ray tube is 100" or
more, the effect can be practically achieved by specifying
a distance between the end portion, on the side remote from
a phosphor screen, of a core and end portions, on the

phosphor screen side, of pole pieces for forming a locally
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modified non-uniform magnetic field to be 50 mm or less, in
consideration of the pole pieces and the positional
relationship between the pole pieces described in (7).

In the case where the end portions, on the-phosphor
screen side, of the pole pieces have axial indention
(irregularities) of the cathode ray tube, the above
distance is determined as a value between the end portion,
on the side remote from the phosphor screen, of the core
and the longest end portions, on the phosphor screen side,
of the pole pieces.

(10) Similarly, according to the present invention, in
the case where the maximum deflection angle of the cathode
ray tube is 100" or less, a desirable effect can be
obtained when the above design, parameter consolidating Ehe
magnetic flux density B and the voltage.Eb on the phosphor
screen satiéfies the following equation:

B/ Eb =0.004mT * (kV)-1/2
where B is in mT, and Eb is in kilévolts.

In this case, the effect can be practically
achieved by specifying the level of the above magnetic flux
density corresponding to that described_in (8) to be 10% or
more. Moreover, the effect can be practically achieved by
specifying the distance corresponding to that described in
(9) to be 35 mm or less.

(11) The intensity of the above non-uniformity magnetic
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field in-a cathode ray tube cannot be freely increased from
the practical viewpoint, for example, in consideration of
the entire configuration of the cathode ray tube, and the
struéture, easy of fabrication and easy of use of an
electron gun used for the cathode ray tube.

In the present invention, to achieve the effect
even for a magnetic field having a relatively low intensity
in terms of easy of use, an electron beam is required to
have a suitable diameter in such a region. In general, an
electron beam has a large diameter at a portion near a main
lens in a cathode ray tube. Accordingly, the position of
the deflection defocusing cbrrection pole pieces for
forming a locally modified non-uniform magnetic field is
related to a distance from a main lens.

On the other had, when the pole pieces are disposed
at a position extremely shifted from the main lens portion
to the cathode side, the astigmatism is easy to be canceled
by a focusing action of the main lens, and further there
often occurs an inconvenience in that part of electron
beams impinge on part of electrodes of an electron gun.

According tq the present invention, the effect can
be achieved by specifying a distance beéween end portions,
on the phosphor screen, of pole pieces for forming a
locally ﬁodified non-uniform magnetic field and an end

portion, facing a main lens, of an anode of an electron gun
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to be five times or less of an aperture diameter (in the
direction perpendicular to the scanning direction) of the
end portion of the anode or 180 mm or less; and a distance
between the énd portions, on the cathode side, of the pole
pieces and the end porfion of the anode to be three times
or less of the above aperture diameter of the anode or 108
mm or less, in consideration of conditions that the maximum
deflection angle of the cathode ray tube is less than 85,
the single electron beam is uéed, and a magnetic field is
used for focusing an electron beam.

(12) The present invention requires a magnetic flux
density of a deflection magnetic field in an amount
suitable to achieve the effect of the locally modified non-
uniform magnetic field. The deflection defocusing
correction pole pieces may be made of a soft magnetic

material, and preferably, part of the pole pieces may be

made of a magnetic material having a high magnetic

permeability for enhancing the magnetic flux density and
improving the effect of the deflection defocusing
correction.

(13) The deflection defocusing correction pole pieces
of the present invention are required ta be positioned near
a path of an electron beam. For example, the pole pieces
are disposed at opposite sides of a path of an electron

beam. As described in (3), locally modified non-uniform
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magnetic fields synchronized with a deflection magnetic
field and symmetrically distributed or asymmetrically
distributed in the deflection direction, are disposed on
opposite sides of a path of an undeflected electfon beamn.

The above two kinds of locally modified non-uniform
magnetic fields can be formed by provision of the above
pole pieces having a specified structure. In general, an
electrode part of an electron gun of a cathode ray tube is
manufactured by press-form of a metal plate.

In recent years, the requirement for the accuracy
of the above electrode port in a cathbde ray tube has been
increased with the significantly improved focus
characteristics of a cathode ray tube. The deflection
defocusing correction pole pigces are also required to be
improved in accuracy. The machining accuracy of the pole
pieces can be improved at a low cost in mass-production by
manufacturing them by press-form of a metal plate.

The deflection in a cathode ray tube is often
perfo;med in such a manner as to form scanning lines as
described above. In most cases, a phosphor screen of the
cathode ray tube of the scanning type deflection is formed
in an approximately rectangular shape, and the scanning is
generally performed substantially in parallel to the sides
of the rectangular screen. Aﬁ evacuated envelope of the

cathode ray tube for supporting the phosphor screen is also
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formed in an approximately ;ectangular shape corresponding
to the phosphor screen in terms of easy of assembly to an
image display system.

The above two kinds of the locally modified non-
uniform magnetic field of the present invention are thus
desirable to be formed in association with the scanning
line and the shape of the phosphor scfeen. The locally
modified non-uniform magnetic fields can be formed in the
scanning direction and in the direction perpendicular to
the scanning direction in accordance with the application
use of the cathode ray tube.

(14) The interval between the pole pieces of the
present invention is closely related to the intensity of
the magnetic field produced by the pole pieces and the
trajectory of an electron beam passing through the

interval. An extremely large interval between the pole

pieces fails to obtain a desirable effect.

The deéth of an image display system including a
cathode ray tube cannot be freely éhortened because it is
restrictive to the axial length of the cathode ray tube.

One means for shortening the axial length of a
cathode ray tube is to increase the maximum deflection

angle of the cathode ray tube. The practical maximum
deflection angle at present is 114" for a single-beam

cathode ray tube, and a value near 114° for a cathode ray
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tube of the three inline electron beam typeﬁ

The maximum deflection angle tends to be further
increased in the future. The increased maximum deflection
angle significantly increases the maximum magnetic-flux
density of a deflection magnetic field. Thelmaximum
deflection angle is practically related to a diaméter of a
neck portion.

The desirable outside diameter of a neck portién is
about 40 mm at maximum in order to save an electric power
for generating a deflection magnetic field and to save a
material of a mechanism portion for producing the
deflection magnetic £f£ield.

In general, the maximum diameter of electrodes of
an electron gun is smaller thanlthe inside diameter ofja
neck portion of a cathode . ray tube, and the neck portion
requires a wall thickness of several mm for ensuring both a
mechanical strength and an insulating performance and for
preventing leakage of X-rays.

According to the present invention, the narrowést
distance of the interval between the above deflection
defocusing correction pole pieces in the scanning direction
or in the direction pérpendicular to thé scanning direction
is desirable to be 1.5 times or less of an aperture |
diameter of a portion, facing a focus electrode, of an

anode of an electron gun in the direction perpendicular to
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the scanning direction or to be usually in a range of from
0.5 to 30 mm, in consideration of the limitations
concerning the electrodes and magnetic field described in
(7). Such a distance has an advantage in cost and it can
sufficiently ensure the operating characteristic.

(15) The locally modified non-uniform magnetic fields
of the present invention can be formed by provision of pole
pieces on opposite sides of a path of an electron beam.

Figs. 68A to 68C are views illustrating one
configuration example of deflection defocusing correction
pole pieces, wherein Fig. 68A is a front view of the pole
pieces; Fig. 68B is a side view of a shield cup and the
pole pieces; and 68C is an exploded view in perspective of
the shield cup and the pole p%eces attached thereto. in 
these figures, reference numeral 100 indicates a ;hield.
cup; 39 is pole'pieces; 105 is a pole piece support; and 10
is an eiectron beam.

Fig. 12 (described later) shows the relationship
betwegn pole pieces for forming a locally modified non-
uniform magnetic field and a path of an undeflected
electron beam.

When magnetic poles 39 for forming locélly modified
non-uniform magnetic fields, for example, shown in Figs.
68A to 68C are disposed on opposite sides of each of paths

Zc-Zc and Zs-Zs of undeflected electron beams as shown in
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Fig. 12, the pole pieces 39 having a high magnetic
permeability function as magnetic paths for lines of
magnetic force near the pole pieces 39 and generate,
between opposed portions thereof, locally modifiéd non-
uniform magnetic fields varying in synchronization with a
variation in the deflection magnetic field.

These pole pieces 39 form deflection defocusing
correction magnetic pole pieces. The opposed portion of
the pole piece is formed in such a shape as to obtain the
optimum deflection defocusing correction in accordance with
the application use of the cathode ray tube or the
combination of the characteristics of the other electrodes
of the electron gun. qu example, a non-parallel porﬁion
or a cutbut is partially forﬁgd in the opposed portion:of
the pole piece.

In particular, when a large kinds of cathode ray
tubes are produced on a small scale, it is disadvantageous
in terms of cost that an expensive press dies is
manufactured for each design specification of the cathode
ray tube. While being slightly poor in accuracy, the pole
piece can be easily manufactured by cutting or etching a
thin plate material without shaping by é press-die. This
makes it possible to eliminates an expensive press-die, and
hence to manufacture pole pieces at low costs even in the

case where a large kinds of pole pieces are produced on a
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small scale.

According to the present invention, the optimum
range of a distance between opposed portions of the pole
pieces is substantially similar to the interval between
pole pieces described in (14). It is to be noted that the
above distance between opposed portions does not include
zero. In addition, the opposed direction of the pole
pieces may be set in the scanning direction or in the
direction perpendicular to the scanning direction for a
cathode ray tube of performing deflection of the scanning
direction type.

(16) In the case where the deflection defocusing
correction pole pieces for forming a locally modified non-
uniform magnetic field synchr?nized with a deflectiont
magnetic field are provided in éuch a manner as to increase
a beam-diverging action increased in accordance with an
increase in a deflection amount, the magnetic field between
the opposed portions of the pole pieces must have a
magnetic flux density higher than that of the neighborhood
deflection magnetic field having a focusing action.

According to the present invention, the intensity
of the magnetic field between the oppoéed portions of the
pole pieces can be made higher than that of the
neighborhood deflection magnetic field by specifying the

shapes of the pole pieces. It is possible to omit
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electrodes disposed between opposing portions of two pole
pieces facing each other.

The locally modified non-uniform magnetic field
having a high intensity wvarying in synchronizatioﬁ with a
variation in the deflection magnetic field can be formed
between the opposed portions of the pole pieces by
provision, in the deflection magnetic field having a
sufficient magnétic flux density, of the pole pieces having
both a suitably selected structure and a distance between
the opposed portions, thereby forming a suitable magnetic
path between the opposed portions. |

As.one means for forming a locally modified non-
uniform magnetic field synchronized with a deflection
magnetic field, magnetic members formed of a ferromagnetic
material having a soft magnetization characteristic are
disposed inside and/or outside the cathode ray tube.

The locally modified non-uniform magnetic field
synchronized with a deflection magnetic field can be
preferably adjusted from the outside of the cathode ray
tube for improving the accuracy of the deflection
defocusing correction. |
(17) When deflection defocusing is corrected by forming
in a deflection magnetic field a locally modified non-
uniform magnetic field synchronized with a deflection

magnetic field, it is desirable that the locally modified
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non-uniform magnetic field can exhibit the effect even in a
relatively low magnetic field from the practical viewpoint
as described in (11), and thereby an electron beam is
required to have a suitable diameter in such a région.

In general, the diameter of an electron beam is
large near a main lens in a cathode ray tube. The position
of the deflection defocusing correction pole pieces is
related to a distance from the main lens; however, the
distance from the main lens is not made constant because
the structure of the pole pieces varies depending on a
deflection magnetic field, the strudture of an electron
gun, the suitability to.a wide electron beam current
region, and the suitability to a specified electron beam
current region. .

In a cathode ray tube, particularly, in a color
cathode ray tube of the inline plural beam type or a color
display tube, a deflection magnetic field for an electron
beam is made inhomogeneous for simplifyipg convergence
adjustment. In such a case, a main lens is desirable to be
separated from a deflection magnetic field generating
portion as much as possible for suppressing distortion of
an electron beam due to the deflection ﬁagnetic field; and
consequently, the deflection magnetic field generating
portion is usually disposed at a position on the phosphor

screen side from the main lens of an electron gun.
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(18) According to the present invention, when
deflection defocusing is corrected by forming in a
deflection magnetic field a locally modified non-uniform
magnetic field synchronized with the deflection magnetic
field, the deflection magnetic field generating portion and
the main lens can be positioned to be close to each other
by forming the locally modified non-uniform magnetic field
while previously estimating a distortion of an eiectron '
beam due to the above inhomogeneous deflection magnetic
field.

According to the present invention, when the
maximum deflection angle of a cathode ray tube is 100° or
more, the optimum distance between an end portion, on the
side remote from a phosphor screen, of a magnetic material -
forming a core of a coil for forming the above deflection
magnetic field and an end portion, facing a focus
electrode, of an anode of an electron gun is 60-mm or less.
(19) On the other hand, the length between a cathode
and a_main lens of an electron gun is desirable to be made
longer for reducing an image magnification of the electron
gun thereby making smaller a beam spot diameter on a
phosphor screen.

A cathode ray tube having an excellent resolution
in consideration of the above two functions thus tends to

be increased in its axial length.
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According to the present invention, however, the
image magnification of the electron gun can be further
reduced to further decrease the electron beam spot diameter
on the phosphor screen and at the same time the éxial
length can be shortened by allowing the position of the
main focus electrode to come near the phosphor screen
without a change in the length between the cathode and the
main lens of the electrdn gun. .

(20) A time requiréd for keeping a mutual space-charge
repulsion of electron beams can bé shortened by allowing
the position of the main lens to come near the phosphor
screeﬂ, so that a beam spot diameter on the phosphor screen
can be further reduced.

(21) According to the present invention, the

| specifications similar to those described in (18) to (20)

can be carried out with a higher accuracy. Namely, the
optimum distance between the deflection magnetic field and
the main lens in the case where the maximum deflection
magnetic field is 100" or more has a poition in which the
end portion, facing the main lens, of the anode of the
electron gun is within the magnetic field having a magnetic
flux being 10% or more of the maximum magnetic flux density
of the magnetic field deflected in the scanning direction
and/or in the direction perpendicular to the scanning

direction in the deflection magnetic field.
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(22) According to the present invention, the
specifications similar to those described in (18) to (21)
can be carried out with a higher accuracy. Namely, the
optimum distance between the deflection magnetic.field and
the main lens in the case where the maximum deflection
magnetic field is 100° or more includes a region in which a
voltage Eb on the phosphor screen of the cathode ray tube,
a magnetic flux density B of a magnetic field for -
defiecting an electron beam in the scamning direction or in
the direction perpendicular to the scanning direction in
the deflection magnetic field at an end portion, facing the
main lens, of an anode of an electron gun, and an anode

voltage E, satisfy the fbllowing equation:

B/J‘ﬂ? £0.004mT * (kV)-1/2
where B is in mT and Eb is in kilovolts.
(23) - According to the present invention, the
specifications similar to those described in (18) to (22)
can be further carried out. Namely, the optimum distance
between the deflection magnetic field and the main lens of
the electron gun in the case where the maximum deflection
angle is in a range of 85 to 100’ is set in such a manner
that the distance equivalent to that described in (18) to
(20) is 40 mm or less; the percent of the maximum magnetic

flux density equivalent to that described in (21) is 15% or
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more; and a value of B/4/ Eb equivalent to that described in

(22) is 0.003 mT - (kV)-1/2 or more.

(24) According to the present invention, the
specifications similar to those described in (18) to (22)
can be further carried out. Namely, the optimum distance
between the deflection ﬁagnetic field and the main lens of
the electron gun in the case where the maximum deflection
angle is in a range of less than 85  is set in such a .
manner that the disténce-equivalent to that described in
(18) to (20) is 170 mm or less; the percent of the maximum

magnetic flux density equivalent to that described in (21)
is 5% or more; and a value of B/Y Eb equivalent to that

described in (22) is 0.005 mT * (kV)-1/2 or more.

(25) - As seen from (18) to (24), the optimum distance
between the deflection magnetic field and the main lens of
the electron gun can be shortened, differently from the
related art.

According to the present invention, the optimum
positi&ns of the neck portion of the cathode ray and the
main lens of the elecﬁron gun are set in such a manner that
the position of an end portion, facing the main lens, of
the anode of the electron gun is within 15 mm or less on
the side remote from the phosphor screen with respect to

the end portion, on the phosphor screen side, of the neck
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portion.

The main lens of the electron gun in the related
art is located at a position separated remotely from the
deflection magnetic field, and accordingly a voléage is

supplied to the anode of the electron gun from the inner

wall of the neck portion of the cathode ray tube.

On the contrary, according to the present
invention, the main lens of the electron gun is not
required to be separated from the deflection magnetic field
and can be disposed near the phosphor screen, and thereby a
voltage can be supplied to the anode of the eléctron gun
from a portion other than the inner wall of the neck
portion of the cathode ray tube.

éince a high electric field is formed in a narrow
space in a cathode ray tube, it becomes important to
stabilize a breakdown voltage characteristic for improving
reliability. The maximum intensity of the electric field
is generated near a main lens of an electron gun. The
electpic field near the main lens is dependent on a
graphiﬁe film coated on the inner wall of a neck portion of
the cathode ray tube for supplying a voltage to an anode of
an electron gun, and on adhesiveness of foreign matters
remaining in the cathode réy tube on the inner wall of the
neck portion.

According to the present invention, the main lens
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of the electron gun can be disposed to be closer to the
phosphor screen side, so that it is possible to
significantly stabilize the breakdown voltage
characteristic.

(26) An electron beam is not affected by a deflection
magnetic field when it forms a beam spot at the center of a
phosphor screen. Accordingiy, in this case, a measure for
preventing distortion of the electron beam due to the .
deflection magnetic field is not required and thereby the
lens of the electron gun comes to be of an axially
synmetrical focusing system, with a result that the
diameter of an electron beam spot on the phosphor screen
can be made smaller.

(27) According to the present invention, in additian to
a locally modified non-uniform magnetic field synchronized
with a deflection magnetic field which is formed in the
deflection magnetic field for correcting deflection
defocusing, a dynamic.voltage synchronized with the
deflection can be applied to part of electrodes of an
electron gun for further increasing a suitable focusing
action on an electron beam over the entire screen, thereby
obtaining a desirable resolution over thé entire screen.
The necessary dynamic voltage can be reduced.

(28) According to the present invention, in addition to

a locally modified non-uniform magnetic field synchronized
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with a deflection magnetic field which is formed in the
deflection magnetic field for correcting deflection
defocusing, at least one of electric fields of a plurality
of eléctrostatic lenses formed of a plurality of-electrodes
of an electron gun can be madé a non-axially symmetrical
electric field. This allows an electroﬁ beam spot at the
screen center in a large-current region to be formed in an
approximately circular or rectangular shape. The nonf-
axially symmetrical electric field also forms an
electrostatic lens having a focus characteristic having a
suitable focus voltage focusing in the beam scanning
direction higher than a suitable focus voltage focusing in
the direction perpendicular to the scanning direction, and
an electrostatic lens having a focus characteristic caﬁable
of optimizing the diameter of an electron beam at the
screen center in a small-current region in the direction
perpendicular to the scanning direction to the pitch of a
shadow mask and the density of scanning lines in the
direction perpendicular to the scanning direction as
compared with the diameter of an electron beam spot in the
scanning direction and having a suitable focus voltage
focusing in the scanning direction highef than a suitable
focus voltage focusing in the direction perpendicular to
the scanning direction. These lenses due to the non-

axially symmetrical electric field give to an electron beam
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a desirable focus characteristic without any moire over the
entire screen and over the entire current region.

(29) It is to be noted that the wording "non-axially
symmetry" in the present invention means a plane-other than
a plane curve equidistance from a given fixed point. For
example, a "non-axially symmetric" beam spot means a non-
circular beam spot.

(30) As described in (25), since a locally modified
non-uniform mggnetic field synchronized with a deflection
magnetic field is formed in the deflection magnetic field
in the present invention, a main lens of an electron gun
can be disposed to be closer to the deflection magnetic
field as compared with the related art.

Since the deflection magnetic field also penetfates
the main lens of the electron gun, electrodes on the side'
near the phosphor screen from the main lens are essential
to have a structure capable of preventing the strike of an
electron beam. According to one embodiment shown in Fig.
86C, in the inline three-beam electron gun having a
plurality of electrodes, a single hole 100A having no
partition member and allowing three electron beams to pass
therethrough is provided in a shield cup.

In the case where deflection defocusing correction
pole pieces are disposed on tﬁe phosphor screen side from

an electron beam aperture formed in the bottom surface of
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. the shield cup, it is desirable that a space is provided at

a portion corresponding to the interval between the opposed
portions of the pole piecgs for reducing a probability in
strike of an electron beam to an electrode mounting the
pole pieces even when the trajectory of the deflected
electron beam enters the locally modified non-uniform
magnetic field, thereby promoting the effect of the locally
modified non-uniform magnetic field synchronized with the
deflection magnetic field and improving uniformity of
resolution on the phosphor screen. For example, as shown
in Fig. 13B and Fig. 68C, slots are provided in a pole
piece support 105 for satisfying a relationship of H > Ww.
(31) According to the present invention, deflection
defocusing of each of three electron beams in a three .
inline beam electron gun is corrected by forming in a
deflection magnetic field a locally modified non-uniform
magnetic field synchronized with the deflection magnetic
field. 1In this case, pole pieces for forming the locally
modified non-uniform magnetic fields can be so constructed
that the structure of the pole piece for the center
electron beam is different from that of the pole piece for
each side electron beam. This makes it éossible to adjust
the balance of resolutions of the three electron beams on
the phosphor screen.

The above pole piece for each side electron beam
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can be also so constructed that the structure on the center
electron beam side in the inline direction is different
from that on the opposite side. This makes it possible to
reduce coma error due to the deflection magnetic'field.

Although the effects of the individual techniques
of the present invention have been described, present
invention can further improve, by the combination of two or
more of the techniques, uniformity of resolution over the
entire phosphor screen of a cathode ray tube and resolution
at the screen center over the entire current region, and
can shorten the axial length of the cathode ray tube.

The present invention can also provide an image
display system capable of improving uniformity of
resolution over the entire phosphor screen and resolution
at the screen center over the entire current region, and of
shortening the depth, by the use of the above cathode ray
tube.

Next, the mechanism by means of which the focus
charaqteristics and the resolution of a cathode ray tube
using an electron gun of the present invention are improved
will be described..

Fig. 69 is a schematic sectional view of a color
cathode ray tube of the inline electron gun and shadow mask
type. In this figure, reference numeral 7 indicates a

neck; 8 is a funnel; 9 is an electron gun contained in the
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neck 7; 10 is an electron beam; 11 is a deflection yoke; 12
is a shadow mask; 13 is a phosphor film forming a phosphor
screen; and 14 is a panel (screen).

Referring to Fig. 69, the electron beam iO emitted
from the electron gun 9 is deflected in the horizontél and
vertical directions by the deflection yoke 11, passing
through the shadow mask 12, and excites the phosphor film
13 to emit light. A pattern formed by the 1ightfemitting
phosphor film is observed as an image from the panel 14
side.

FPig. 70 is a diagram illustrating an electron beam
spot in the case where peripheral phosphor§ are excited by
an electron beam adjusted for a circular spot at the screen
center. Reference numeral 14 indicates a screen; 15 i§ a
beam spot at the screen center; 16 is a beam spot at each
edge of the screen on the horizontal center line (X-X); 17
is a halo; 18 is a beam spot at each of the top and bottom
of the screen on the vertical center line (Y-Y); and 19 is
a beam spot at each end of diagonal lines of the screen
(corner) .

Fig. 71 is a diagram illustrating a deflection
magnetic field distribution of a cathode'ray tube. In this
figure, reference character H indicates a horizontal
deflection magnetic field distribution, and V is a vertical

deflection magnetic field distribution.
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A recent color cathode ray tube uses a horizontal
magnetic field H of a pincushion type inhomogeneous
magnetic field distribution and a vertical magnetic field Vv
of a barrel type inhomogeneous magnetic field diétribution
for simplifying convergence adjustment (see Fig. 71).

A light-emitting spot by the electron beam 10 is
formed in a non-circular shape oh a peripheral portion of
the screen because of the above inhomogeneous magnetic
field distribution, a difference in the path length of the
electron beam .10 from a main lens to the phosphor screen
between the center and the peripheral portion of the
phosphor screen, and oblique impinging of the electron beam
10 to the phosphor film 13 at the peripheral portion of the
screen.

As shown in Fig. 70, while the beam spot 15 at the
screen center is circular, the beam spot 16 at each edge of
the screen on the horizontal center line is horizontally
elongated and a halo 17 is also generated thereat. As a
result, the size of the beam spot 16 at the edge of the
screen on the horizontal center line becomes larger, and
further the contour of the spot 16 becomes unclear due to
the generation of the halo 17. This degfades the
resolution, to result in the significantly reduced image
quality.

In the case where the current of the electron beam
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10 is small, the diameter of the electron beam 10 in the

vertical direction is excessively reduced, and thereby the
electron beam 10 interferes with the vertical pitch of the
shadow mask 12. This generates moire phenomenon.and
reduces the image quality.

The beam spot 18 at each of the top and bottom of
the screen on the vertical center line is vertically
compressed by vertical focusing of the electron beam 10 by
the vertical deflection magnetic field and a halo 17 is
also generated thereat, thus degrading the image quality.

The beam spot 19 at each of the c¢orners of the
screen is formed in a combined shape of the elongation juét
as in the spot 16 and the vertically compression just as in
the spot 18, and further the rotation of the electron ﬁeam
10 is rotated thereat. Thus, at the éorner of the screen,
a halo 17 is generated and the.diameter of the light-
emitting spot is increased, thus significantly degrading
the image quality.

Fig. 72 is a schematic view of electron optics of
an electron gun, illustrating the distortion of the shape
of the beam spot shown in Fig. 70. The above system is
replaced with a light optics for a clear‘understanding.

In Fig. 72, the upper half shows the cross-section
of the screen in the vertical direction (Y-Y), and the

lower half shows the cross-section of the screen in the
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horizontal direction (X-X).

Reference numeral 20, 21 indicates a prefocus lens;
22 is a pre-main lens; and 23 is a main lens. These lenses
constitute electron-optics of the electron gun sﬁown in
Fig. 80. Reference numeral 24 indicates a lens produced by
the vertical deflection magnetic field; 25 is a lens
produced by the horizontal deflection magnetic field, which
is expressed as an equivalent lens to the apparent
elongation of the electron beam 10 in the horizontal
direction by oblique impinging to the phosphor film 13 by
deflection.

First, an electron beam 27 emitted from a cathode K
in the vertical plane forms a cross-over P ét a position
separated from the cathode K by a distance L1 betwéen the
prefocus lenses 20 and 21, and is focused onto the phosphor
film 13 by the pre-main lens 22 and the main lens 23.

When the deflection is zero, that is, at the center
of the screen, the electron beam 27 impinges on the
phosphor film 13 through the trajectory 28; however, it
forms a vertically compressed beam spot on the peripheral
portion of the screen by way of the trajectory 29 by the
effect of the lens 24 generated by the vertical deflection
magnetic field. Moreover, another electron beam 27 focuses
before reaching the phosphor f£ilm 13 as shown by the

trajectory 30 because of spherical defocusing of the main
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lens 23. This is a reason why the halo 17 is generaﬁéd at
the beam spot 18 at each edge of the screen on the vertical
center line or at the beam spot 19 at the corner of the
screen shown in Fig. 70. | .

On the other hand, an electron beam 31 emitted from
the cathode K in the horizontal plane focuses by the
prefocus lenses 20, 21, the pre-main lens 22 and the main
lens 23, like the electron beam 27 in the vertical plahe,
and when the deflection magnetic field is zero, that is, at
the center of the screen, the electron beam 31 impinges on
the phosphor f£ilm 13 by way of a trajectory 32.

When the electron beam 10 is deflected, the
electron beam 31 forms a horizontally elongated spot by way
of a trajectory 33 by a diverging action of the lens 25 due
to the horizontal deflection magnetic field; however, the
halo 17 is not generated in the horizontal direction.

However, since a distance between the main lens 23
and the phosphor f£ilm 13 becomes larger than the case of
the screen center, another electron beam focuses before
reaching the phosphor film 13 in the vertical plane even at
the edge 16 of the screen on the horizontal center line not
deflected in the verticél direction shown in Fig. 70, and
thereby the halo 17 is generated.

In this way, when the electron beam spot is formed

in a circular shape at the screen center using an axially-
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symmetric lens system of the electron gun, the spot shape
at the peripheral portion of the screen is distorted. This
significantly degrades the image quality.

Fig. 73 is a view illustrating a means fér
suppressing the degradation of an image quality at the
peripheral portion of the scfeen as described with
reference to Fig. 72. 1In this figure, parts corresponding
to those shbwn in Fig. 72 are indicated by the same
characters.

As shown in Fig. 73, a focusing action of a main
lens 23-1 within the cross-section of the screen in the
vertical direction (¥-Y) is made weaker than that of a main
lens 23 in the cross-section of the screen in the
horizontal direction (X-X). With this arrangement, the
electron beam travels a path 29 after passing through a
lens 24 produced by the vertical deflection magnetic field
and does not form an extremely vertically compressed shaﬁe
shown in Fig. 70. A halo 17 is also difficult to be
produced. The path 28 at the screen center, however, is
shifted in the direction where the beam spot diameter is
increased.

Fig. 74 is a schematic view illuétrating the shaﬁe
of an electron beam spot on a phosphor screen 14 in the
case of using a lens system shown in Fig. 73. Beam spots

on the peripheral portions of the screen, that is, a beam
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spot 16 at the edge on the horizontal center line, a beam
spot 18 at the edge on the vertical center line, and a beam
spot 19 at the corner, are suppressed in generation of a
halo 17, so that the resolution at each peripherél portion
is improved.

However, in the beam spot 15 at the screen center,
a vertical spot diameter dY is larger than the horizontal
spot diameter dX, to degrade the vertical resolution. .

Accérdingly, the formation of a non-axially-
symmetrical electric field system in which a vertical
focusing action and a horizontal focusing action of the
main lens 23 are different from each other fails to
simultaneously improve the resolutions over the entire
screen.

Fig. 75 is a schematic view of electron optics of
an electron gun in which the lené strength of a prefocus
lens 21 in the horizontal direction is increased in place
of using the non-axially-symmetrical main lens 23. The
strength of a horizontally focusing prefocus lens 21-1 for
diverging the image at a cross-over P is made larger than
that of a vertically focusing prefocus lens 21, to increase
an angle of incidence of an electron beaﬁ 31 to a pre-main
lens 22. This makes it possible to increase the diameter
of the electron beam passing through the main iens 23, and

hence to reduce the diameter of the electron beam spot on
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the phosphor film 13 in the horizontal direction.
However, the path of the electron beam in the
vertical direction of the screen is the same as shown in

Fig. 52, and accordingly the generation of a halo 28 cannot

be suppressed.

Fig. 76 is a schematic view of electron-optics of
an electron gun in which the configuration of Fig. 75 is
added with a halo suppressing effect. The lens strengﬁh of
the pre-main lens 22-1 ip the vertical direction is
increased, so that the vertical electron beam path of the
main lens 23 comes near the optical axis, to form a
focusing system having a greater depth of focus. Witﬁ this
configuration, the halo 28 is made small, to improve the
resolution. |

Fig. 77 is a schematic view illustrating the shape
of an electron beam spot on a screen 14 in the case of
using a lens shown in Fig. 76. As seen from this figure, a
desirable resolution without any halo over the entire
screen is obtained as shown by the beam spots 15, 16, 18
and 19.

The above description concerns the shape of an
electron beam spot in the case where the current amount of
the electron beam is relatively large (in a large-current
region). However, in the case where the current amount of

the electron beam is small (in the small-current region),
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the electron beam passes through only a paraxial portion of
an imaging system, so that only a small difference lies in
lens strength between the horizontal and vertical direction
of the lenses 21, 22, and 23 having large diametérs. Thus,
as shown in Fig. 77, the beam spot becomes circulaf (34) at
the screen center; horizontally elongated (35, 36) or
obliquely elongated (37) at the peripheral portions of the
screen, to cause moire. This increases the lateral
diameter (horizontal diameter) of the beam spot, thus
reducing the resolution. |

To cope with such an inconvenience, the diameter of
the lens is made small, and the lens is positioned such
that the degree of asymmetry in the lens strength exerts an
effect to a paraxial portion of the imaging system.

Fig. 78 is a schematic view of an optical system of
an electron gun illustrating the path of a small-current
electron beam. In this case, a distance L2 between a
cathode K and a cross-over P is smaller than the distance
L1l shown in Fig. 72.

Fig. 79 is a schematic viéw of an optical system of
an electron gun in which the vertical (Y-Y) lens-strength
of a divergent lens portion in a prefocué lens is
increased. A distance L3 between the cathode K and the
cross-over P is made longer than the distance L2 by

increasing the wvertical lens strength of the divergent lens
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of a prefocus lens 20.

Accordingly, the position where an electron beam 27
enters the prefocus lens 21 in the wvertical cross-section
is closer to a paraxial portion than the case sh&wn in Fig.
78, so that the lens actions of the lenses 21, 22-1 and 23
are made smaller, to form an imaging system having a
greater depth of focﬁs in the vertical direction of the
screen. |

However, the effect of each lens in a large current
is not perfectly independent from that in a small current,
and the lens effect of the prefocus lens 20-1 in the
vertical direction exerts an effect on the spot shape of a
large current electron beam. Consequently, the optical
system is required to take a balance by making use of the
charactefistic of each lens. In particular, since the
structure of the main lens is not constant and the
emphasized point of the image differs depending on the
application use of the cathode ray tube, the position of
the non-axially symmetrical lens and the lens strength of
each lens are not freely determined.

As described above, in the usual application use of
the cathode ray tube, each lens for forming a non-axially
symmetrical electric field at a position which differs
between the large-current region and the small-current

region must be disposed for improving the resolution over
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the entire screen. The non-axially symmetry of each lens
is also limited to a change in the intensity of the
electric field. In some lens portions, when the intensity

of the non-axially symmetrical electric field, the beam

shape is extremely distorted, resulting in the reduced

resolution.

Although the general means for suppressing the
lowering of focus characteristics due to'distortion of the
electron beam spot diameter has been described, the actual
electron gun has the above-described two types for
suppressing the lowering of focus characteristics. One is
a type in which a focus voltage is used in the fixed state;
and the other is a type in which the optimum focus voltage
at each position on the screen of the cathode ray tube:is
dynamically varied in accordance with a deflection angle of
the electron beam.

The above two types have advantages and
disadvantages. The type in which the focus voltage is used
in the fixed state has an inexpensive structure of the
electron gun and also has a simple and inexpensive power
supply circuit for supplying é focus voltage; however, it
is diéadvantageous in that the optimum fbcus state for
astigmatism correction cannot be obtained at each position
on the screen of the cathode ray tube, with a result that

the diameter of the beam spot is made larger than that in
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the optimum focus state.

On the other hand, the type in which the optimum
focus voltage is dynamically supplied to an electron beam
deflected to each position on the screen of the éathode ray
tube in accordance with the deflection angle of the
electron beam is advantageous in that a desirable focus
characteristic can be obtained at each point on the screen;
however, it is disadvantageous in that the structures of
the electron gun apd the power supply circuit for supplying
a focus voltage are complicated and thereby it takes a lot
of time to set a focus voltage in an assembling process of
a TV receiver set and an terminal display system, resulting
in the increaséd cost.

A dynamic focus voltage needs to be adjusted to be
phased to electron beam deflection. |

Especially, for use in multiﬁedia expected to be
widely spread soon, a display system needs to be capable of
being driven at a plurality of deflection frequencies.

This requires dynamic focus voltage generators for
respective deflection frequencies and phasing a dynamic
focus voltage to electron beam deflection at respective
frequencies, and increases the cost of electrical circuits
and set-up procedures.

The present invention provides a cathode ray tube

using an electron gun which has respective advantages of
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the above two types while eliminating the disadvantages
thereof, and further has a new third advantage capable qf
shortening the axial length.

Hereinafter, the embodiments of the presént
invention will be described in detail with reference to the
accompanying drawings.

As a deflection amount is increased in a cathode
ray tube, a deflection defocusing amount is rapidly
increased as described with reference to Fig. 64.

The present invention is intended to suitably focus
an electron beam deflected to change its trajectory and
hence to improve uniformity of resolution over the entire
phosphor screen, by forming in the deflection magnetic
field a locally modified non-uniform magnetic field haéing
a focusing or diverging action on the electron beam varying
in synchronization with the deflection magnetic field.

The present invention is also intended to correct
the deflection defocusing rapidly increased in
synchronization with the deflection amount of an electron
beam deflected to change it trajectory (see Fig. 64) and
hence to suitably focus the electron beam over the entire
phosphor screen, by forming in the deflection magnetic
field a locally modified non-uniform magnetic field capable
of increasing rapidly the amount of deflection defocusing

correction in synchronization with the deflection amount of
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the electron beam indicated in Fig. 65. This is effective '
for improving uniformity of resolution over the entire
phosphor screen.

As one example of the locally modified nén—uniform
magnetic field capable of properly increasing a diverging
action on an electron beam deflected to change its
trajectory in synchronization with the deflection amount,
locally modified non-uniform magnetic fields are
effectively disposed at substantially symmetric positions
on opposite sides of a path of an undeflected electron
beam.

The formation of the locally modified non-uniform
maénetic fields synchronized with a deflection magnetic
field at substantially symmetric positions on opposite :
sides of the path of the undeflected electron beam, allows
the amount of a diverging action on an electron beam to be
increased in synchronization with the deflection amount.

Figs. 1A and 1B are schematic views illustrating a
first embodiment of a method of correcting deflection
defocusing of a cathode ray tube according to the present
invention. 'Fig. 1A shows an electron beam in cross-
section, which diverges by the effect of'locally modified
non-uniform magnetic fields each having a diverging action
synchronized with a deflection magnetic field as shown in

Fig. 1B. 1In addition, the locally modified non-uniform
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magnetic fields are disposed at symmetric positions with
respect to a center path Z-Z of an undeflected electron
beam.

In fig. 1A, reference numeral 61 indicatés lines of
magnetic force; 62 is an electron beam passing through a
portion remote from the center path of the undeflected
electron beam; and 63 is the path of the deflected electron
beam. In addition, the locally modified non-uniform .
magnetic fields having a diverging action in
synchronization with the deflection magnetic field are not

present at the center path of the undeflected electron beam

63, and the undeflected electron beam 63 is shown by a

broken line for differentiation from the electron beam 62.
The electron beam 62 deflected and passing throhgh
a portion remote from the center path of the undeflected
electron beam 63 diverges in an amount larger than that of
the undeflected electron beam 63 during it travels in the
magnetic field. The beam bundle also becomes remote from
the center path of the undeflected electron beam 63. The
rate of change in the trajectory of the electron beam 62 is
larger on the side remote from the center path of the
undeflected electron beam 63. This is bécause an interval
between lines of magnetic force is narrower as the lines of
magnetic force are remote from the center path of the

undeflected electron beam 63.
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The formation of the above locally modified non-
uniform magnetic fields synchronized with the deflection
.amount of an electron beam in the deflection magnetic
field, allows a diverging action on the electron‘beam
deflected and varied in the trajectory to be inc;eased in
synchronization with the deflection amount. This makes it
possible to correct deflection defocusing in the case where
deflection defocusing increases the focusing of the
electron beam.

For example, in a cathode ray tube, a distance from
a main lens of an electron gun to a phosphor screen is
generally longer at a peripheral portion than the center as
shown in Fig. 66. As a result, even in the case where a
deflection magnetic field has no focusing action, the
optimum focusing of an electron beam at the screen center
causes overfocusing of an electron beam at the screen
peripheral portion.

In this embodiment, the formation of the 1oca11y_
modified non-uniform magnetic fields synchronized with the
deflection amount of an electron beam in a deflection
magnetic field as shown in Figs. 1A and 1B, allows a
diverging action to the electron beam to be increased in
synchronization with the deflection amount. This enables
the correction of deflection defocusing shown in Fig. 65.

As one example of the locally modified non-uniform



10

15

20

25

- 84 -

magnetic field capable of properly increasing a focusing
acfion on an electron beam deflected and varied in the
trajectory in synchronization with the deflection amount, a
locally modified non-uniform magnetic field syncﬁronized
with the deflection amount is effectively formed in such a
manner as to be centered on the path of the undeflected
electron beam.

The formation of the above locally modified non-
uniform magnetié field synchronized with the deflection
magnetic field in such a manner as to be centered on the
path of the undeflected electron beam, allows a focuSiﬁg
action on an electron beam to be increased in
synchronization with the deflection amount.

Figs. 2A and 2B are schematic views illustratinb a
second embodiment of the method of correcting deflection
defpcusing of a cathode ray tube according to the present
invention. Fig. 2A shows an electron beam in cross-
section, which focuses by the effect of a iocally modified
non-uniform magnetic field having a focusing action. 1In
addition, the locally modified non-uniform magnetic field
is disposed in such a manner as to be centered on a ceﬁter
path Z-Z of an undeflected electron beam;

In Fig. 2A, reference numeral 61 indicates lines of
magnetic force forming the locally modified non-uniform

magnetic field synchronized with a deflection magnetic
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field shown in Fig. 2B; 62 is an electron beam passing
through a portion reﬁote from the center path Z-Z of the
undeflected electron beam; and 63 is an undeflected
electron beam, which is shown by a broken line jﬁst as the
undeflected electron beam shown in Fig. 1A.

The electron beam 62 passing through a portion
remote from the center path of the undeflected electron
beam 63 focuses in an amount larger than that of the
undeflected electron beam 63 as it travels in the magnetic
field. The beam bundle also becomes emote from the center
path of the undeflected electron beam. The rate of change
in trajectory is smaller on the side remote from the center
path of the undeflected electron beam. This is because the
interval in lines 61 of magnetic force is wider as 1inés 61
of magnetic force are remote from the center path Z-Z of
the undeflected electron beam.

The formation of the above locally modified non-
uniform magnetic field in the deflection magnetic field,
allows a focusing action on the electron beam deflected and
varied in trajectory to be increased in synchronization
with the deflection amount. This makes it possible to
correct deflection defocusing in the casé where the
deflection defocusing increases divergence of the electron
beam.

In most cases, the deflection of a cathode ray tube
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is performd for allowing an electron beam to linearly scan
as shown in Fig. 67. A linear scanning locus 60 is called
scanning line. A deflection magnetic field tends to
differ between in the scanning direction and in éhe
direction perpendicular to the scanning direction.

The electron beam often receives a focusing action
which differs between in the scanning direction and the |
direction perpendicular to the scanning direction, by the
effect of at.least one of a plurality of electrodes of an
electron gun before it largely receives the action of the
locally modified non-uniform magnetic field synchronized
with the deflection magnetic field which is formed in the
deflection magnetic field.

-Moreover, it is dependent on the application offa
cathode ray tube whether deflection defocusing correction
in the scanning direction is emphasized or deflection

defocusing correction direction perpendicular to the

scanning direction is emphasized.

Accordingly, the content of the locally modified
non-uniform magnetic field, which is synchronized with a
deflection magnetic field and is formed in the deflection
magnetic field for correcting deflection.defocusing and
improving uniformity of resolution over the entire phosphor
screen, cannot be simply determined. |

The technical content and the required cost are
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dependent on the direction of deflection defocusing
correction depending on the scanning direction, content of
the correction, and the correction amount, and accordingly,
it is important for improving characteristics of.an image
display system and reducing the cost to make clear the
content of the deflection defocusing correction in
accordance with respective factors.

According to a third embodiment of a method of
correcting deflection defocusing of a cathode ray tube of
the present invention, deflectiﬁn defocusings in the
scanning direction and/or in the direction perpendicular to

the scanning direction are corrected by forming, in a

~deflection magnetic field, the locally modified non-uniform

magnetic fields
shown in Figs. 1A, 1B and Figs. 2A, 2B.
In a color cathode ray tube of the type having
three inline guns disposed in a horizontal plane, a
vertical deflection magnetic field having a barrel-shaped
magnetic line distribution and a horizontal deflection
magnetic field having a pincushion-shaped magnetic line
distribution are used as shown in Fig. 71 (described later)
for eliminating or simplifying a circuit'for controlling
convergence of three electron beams on a phosphor screen.
The amount of deflection defocusing given to each

side one of three inline electron beams by a deflection
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magnetic field is dependent on the intensity of the
deflection magnetic field and on the direction of the
horizontal deflection. For example, the magnetic flux

distribution of the deflection magnetic field, through

.which the rightward electron beam of the inline arrangement

(in the direction of the cathode ray tube seen from the
phosphor screen side) traverses, differs between the case
where the rightward electron beam is deflected on the left
half side of the phosphoi screen and the case where it is
deflected on the right half side thereof. As a result, the
amount of the deflection defocusing of the rightward
electron beam differs between the above two cases, and
thereby the image quality given by the rightward electron
beam varies at the right and left ends of the phosphor :
screen. ’

To correct deflection defocusing of such a side
electron beam, it is effective that a locally modified non-
uniform magnetic field synchronized with the deflection
magnetic field asymmetric in the direction of the
horizontal deflection is disposed in the deflection
magnetic field on opposite sides of the center electron gun
axis.

Figs. 3A to 3D are schematic views illustrating a
fourth embodiment of the method of correcting deflection

defocusing of a cathode ray tube according to the present
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invention. In thié embodimeﬁt, locally modified non-
uniform magnetic fields, each having a different magnetic
field distribution and a diverging action on electron beam,
are provided on opposite sides of an electron guﬁ axis.

Figs. 3A and 3B are schematic views illustrating
divergence of an electron beam on the side in which the
density of lines of mggnetic force is high. 2An electron
beam 62-2 passing through a portion remote from the center
axis Z-Z of the center electron gun on the side in which
the density of lines 61 of magnetic force is high diverges
as it travels in the correction magnetic field. The beam
bundle is also becomes remote from the center axis Z-Z of
the electron gun. The rate of change in trajectory is
larger on the side where remote from the center axis Z-i of
the electron gun. This is because an interval in the lines
61 of magnetic force is narrower as the lines 61 of
magnetic force are remote from the center axis Z-Z of the
electron gun.

Figs. 3C and 3D are schematic views illustrating
the divergence of an electron beam on the side where the
density of lines of magnetic force is low. An electron
beam 62-3 passing through a portion remote from the center
axis Z-Z of the electron gun diverges like.the electron
beam 62-2 as it travelé in the correction magnetic field,

and the beam bundle also becomes remote from the center
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axis Z-Z. The rate of change in trajectory of the electron
beam 62-3 is larger on the side remote from the center axis
Z-Z; however, the degree of the change of the trajectory of
the electron beam 62-3 is lower than that of the'electron
beam 62-2. This is because the interval in the lines 61 of
magnetic force is not narrower so much even as the lines 61
of magnetic force are remote from the center axis Z-Z.

The above locally modified non-uniform magnetié
fields synchronized with the deflection amount, whiéh is
formed in the deflection magnetic field, allows the degree
of increasing a diverging action exerted on an electron
beam deflected and varied in the trajectory in
synchronization with the deflection amount to vary
depending on the deflection direction. This is effecti&e
to correct deflection defocusing in the case of such a
focusing action that the amount of deflection defocusing is
dependent on the deflection direction.

In practice, the deflection defocusing correction
is dependent on, for example, the structure of a cathode
ray tube having a specified maximum deflection angle; the
structure of a deflection magnetic field generating portion
assembled in the cathode ray tube; pole ﬁieces for forming
the locally modified non-uniforh magnetic fields; the
structure of the electron gun other than the pole pieces;

the drive condition of the cathode ray tube; and the
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application of the cathode ray tube.

Figs. 4A to 4D are schematic views illustrating a
fifth embodiment of a method of correcting deflection
defocusing of a cathode ray tube according to thé present
invention. In this embodiment, a locally modified non-~
uniform magnetic field having an asymmetric focusing action
on an electron beam is provided near the center axis of an
electron gun. An electron beam 62-4 deflected and passing
through a portion remote from the center axis Z-Z of the
electron gun on the side where the magnetic flux density is
high in the magnetic field formed by lines 61 of magnetic
force (Fig. 4A). On the contrary, an electron beam 62-5
deflected and passing through a portion remote from the
center axis of the electron gun on the side where the
magnetic flux density is low in the magnetic field formed
by the lines 61 of magnetic force (Fig. 4C).

The electron beam 62-4 passing through the portion
remote from the center axis Z-Z on the side where the
magnetic flux density is high focuses as it travels in the
maénetic field (see Fig. 4A). The beam bundle also becomes
remote from the center axis Z-Z. The rate of the change in
the trajectory of the electron beam 62-4 is larger on the
side near the center axis Z-Z. This is because an interval
in the lines 61 of the magnetic force is wider as the lines

61 of magnetic force are remote from the center axis Z-Z.
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The electrqn beam 62-5 passing through the portion
remote from the center axis Z-Z on the side where the
magnetic flux density is low focuses like the electron beam
62-4 as it travels in the magnetic field (see Fié. 4B) .

The beam bundle also becomes remote from the center axis Z-
Z. The rate of the change in the trajectory of the
electron beam 62-5 is larger on the side near the center
axis Z-Z; however, the degree of the change in trajectéry
of the electron beam 62-5 is smaller than that of the
electron beam 62-4. This is because the interval between
the lines 61 of magnetic force is not changed so much as
the lines 61 of magnetic force are remote from the center
axis Z-Z.

The above locally modified non-uniform magnetia -
fields synchronized with the deflection amount, which is
formed in the deflection magnetic field, allows the degree
of increasing a focusing action exerted on an electron beam
deflected to change its trajectory in synchronization with
the deflection amount to vary depending on the deflection
direction. This is effective to correct deflection
defocusing in the case of such a diverging action that the
amount of defiection defocusing is depenaent on the
deflection direction.

In practice, the deflection defocusing correction

is dependent on, for example, the structure of a cathode
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ray tube having a specified maximum deflection angle; the
structure of a deflection magnetic field generating portion
assembled in the cathode ray tube; pole pieces for forming
the locally modified non-uniform magnetic fields; the
structure of the electron gun other than the pole pieces;
the drive condition of the cathode ray tube; and the
application of the cathode ray tube.

In a color cathode ray tube of the type having
three inline guns disposed in a horizontal plane, a
vertical deflection magnetic field having a barrel-shaped
magnetic line distribution and a horizontal defléction
magnetic field having a pincushion-shaped magnetic line-
distribution are used as shown in Fig. 71 (described later)
for eliminating or simplifying a circuit for controllin§
convergence of three electron beams on a phosphor screen.

In such a color cathode ray tube, the inline
direction, that is, the horizontal direction becomes the
scanning direction. The amounﬁ of deflection defocusing
given to each side one of three inline electron beams by a
deflection magnetic field is dependent on the.intensity of
the deflection magnetic field and on the direction of the
horizontal deflection.

For example, the magnetic flux distribution of the
deflection magnetic field, through which the rightward

electron beam of the inline arrangement (in the direction
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of the cathode ray tube seen from the phosphor screen side)-
traverses, differs between the case where the rightward
electron beam is deflected on the left half side of the
phosphor screen and the case where it is deflectéd on the
right half side thereof. As a result, the amount of the
deflection defocusing of the rightward electron beam
differs between the above two cases.

- According to a further embodiment of a method of
correcting deflection defocusing of a cathode ray tube of
the present invention, deflection defocusing of each of
side electron beams is corrected by forming, in the
deflection magnetic field for the side electron beam, the
locally modified non-uniform magnetic field synchronized
with the deflection magnetic field in such a manner as to
be asymmetric with respect to the center axis of the
electron gun as shown in Figs. 3A to 3D or Figs. 4A and 4D.

In practice, the deflection defocusing correction
is dependent on, for example, the structure of a cathode
ray tube having a specified maximum deflection angle; the
structure of a deflection magnetic field generating portion

assembled in the cathode ray tube; pole pieces for forming

the locally modified non-uniform magnetic fields; the

structure of the electron gun other than the pole pieces;
the drive condition of the cathode ray tube; and the

application of the cathode ray tube.
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Fig. 5 is a schematic'sectional view illustrating a
first embodiment of a cathode ray tube of the present
invention. Reference numeral 1 indicates a firs; grid
electrode (Gl) of an electron gun; 2 is a second'grid
electrode (G2); 103 is a third grid electrode (G3) which is
a focus electrode in this embodiment. |

Reference numeral 104 indicated a fourth grid
electrode (G4) which is an anode in this embodiment; 7 is a
neck portion of the cathode ray tube for containing the
eleétron gun; 8 is a funnel portion; and 14 is a panel
portion. These portions 7, 8 and 14 constitute an
evacuéted envelop of the cathode ray tube.

Reference numeral 10 indicates an electron beam
emitted from the electron gun, which passes through an -
aperture of a shadow mask 12 and impinges on a phosphor
film 13 formed on the inner surface of the panel 14 to emit
light for displaying an image on the screen of the cathode
ray tube. Reference numeral 11 iﬁdicates a deflection yoke
for deflecting the electron beam 10, which generates a
magnetic field in synchronization with a video signal for
controlling a point of impingement of the electron beam 10
on the phosphor film 13.

Reference numeral 38 indicates a main lens of the
electron gun. The electron beam 10 emitted from a cathode

K passes through the first grid electrode (Gl) 1, the
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second grid electrode (G2) 2, the third grid electrode (G3)
103, and then it focuses on the phosphor screen 13 by the
electric field of the main lens 38 formed between the third
grid electrode (G3) 103 and the anode 104.

Reference numeral 39 indicates pole pieces,
positioned in the magnetic field of the deflection yoke 11,
for forming at least one locally modified non-uniform
magnetic field synchronized with the deflection field,
thereby correcting deflection defocusing of the electron
beam 10 deflected by the magnetic field of the deflection
yoke 11l in synchronization with the deflection angle.

In this embodiment, two of the deflection
defocusiﬁg correction pole pieces 39 are mechanically fixed
on the anode 104 at positions above and below of thg
electron beam 10, that is, in the direction perpendicular
to the paper surface. These pole pieces 39 form a locally
modified non-uniform magnetic field having a diverging
action on the electron beam 10 passing through the interval
between the pole pieces 39. 1In addition,.reference numeral
40 indicates a cord for connecting the electrode of the
electron gun to a stem pin (not shown).

The vertical interval between the two pole pieces
39 spaced from each other is actually determined by the
combination of the mounting position of each pole piece;

the length thereof extending to the phosphor film 13; the
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distribution of the deflection magnetic field; the diameter
of the electron beam passing through the ipterval; and the
maximum deflection angle of the cathode ray tube.

In this embodiment, as shown in Fig. 5, ﬁhe main
lens 38 of the electron gun is locatedlat the position
shifted to the phosphor £ilm 13 from the deflection yoke
mounting position in the deflection magnetic field of the
deflection yoke 11; however, it is not particularly limited
in the mounting position shown in the figure so long as
being positioned in the magnetic field of the deflection
yoke.

Fig. 6 is a schematic sectional view illustrating
the operation of the cathode ray tube of the present
inveﬁtion, particularly, illustrating the operation of the
deflection defocusing correction pole pieces 39. The pole
piéces 39 positioned in the magnetic field of the
deflection yoke 11 shown in Fig. 5 form a locally modified
non-uniform magnetic field for correcting deflection
defocusing of the electron beam 10 deflected by the
magnetic field of the deflection yoke 11 in synchronization
with the deflection angle.

In this example, the electron beam 10 diverges by
the 1§ca11y modified non-uniform magnetic field. In Fig.

6, parts corresponding to those shown in Fig. 5 are

"indicated by the same characters.
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Fig. 7 is a schematic sectional view, similar to
Fig. 6, of a qathode ray tube having no pole piece for
illustrating the operation of the pole pieces of the
present invention in comparison with the related.art.

Referring to Figs. 6 and 7, the electron beam 10
basses through the third grid electrode (G3) 103 of the
electron gun focuses by a main lens 38 formed between the
third grid electrode (G3) 103 and the fourth grid electrode
(G4) 104. wWhen being deflected by a deflection magnetic
field formed by the deflection yoke 11, the electron beam
10 travels straight and forms a beam spot having a diameter
of D; on a phosphor f£ilm 13.

Here, it will be qualitatively described how the
trajectory of the electron beam 10 is changed by the
presence (Fig. 6) or absence (Fig. 7) of the pole pieces 39
in the case where the electron beam 10 is deflected on the
upper side of the phosphor film 13.

Referring to Fig. 7, the lowermost trajectory of
the electron beam 10 travels as shown by reference numeral
10D because the pole pieces 39 are not provided. The
uppermost trajectory of the electron beam 10 also travels’
as shown by reference numeral 10U becausé the pole pieces
39 are not provided and it crosses the lowermost trajectory
10D before reaching the phosphor film 13. As a result, a

beam spot having a diameter D; shown in Fig. 7 is formed on
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the phosphor film 13.

On the contrary, as shown in Fig. 6, when the pole
pieces 39 are provided, the uppermost trajectory of the
electron béam 10 travels as shown by reference hﬁmeral 10U’
by the effect of lines of magnetic force formed by the pole
pieces 39. The lowermost trajectory of the electron beam
10 travels shown by reference numeral 10D because the
deflection magnetic field in the trajectory portion is’
reduced by the magnetic path formed by the pole pieces 39,
and thereby it reaches the phosphor £film 13 without
crossing the ﬁppermost_trajectory in front of the phosphor
film 13.

As a result, a beam spot having a diameter Dj
smaller than the diameter Dy is formed on the phosphor £ilm

13. This is due to the fact that the locally modified non-
uniform magnetic fields are formed as shown in Figs. 1A and

1B.

The shape of the beam spot having the diameter D3
on the phosphor film 13 can be suitably'adjusted by the
combination of the mounting positions of the poie pieces
39; the length of the pole piece 39 to the phosphor f£ilm
13; the distribution of the deflection mégnetic field; the
diameter of the electron beam passing through the interval
between the pole pieces 39; and the maximum deflection

angle. A uniform resolution over the entire screen can be
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thus obtained by making smaller the difference between the

diameter D3 and the diameter D; of the beam spot at the

screen center.

Figs. 8A and 8B are schematic sectional Qiews
illustrating the operation of another embodiment of the
cathode ray tube of the present invention, particularly,
illustrating another operation of the deflection defocusing
correction pole pieces 39, wherein Fig. 8A is a sectional
top view and Fig. 8B is a sectional side view. The pole
pieces 39 positioned in the magnetic field of the
deflection yoke 11 shown in Fig. 5 form a locally modified
non-uniform magnetic field for correcting deflection
defocusing of the electron beam 10 deflected by the
magnetic field of the deflection yoke 11 in synchronizaiion
with the deflection angle.

In this example, the electron beam 10 focuses by
the above locally modified non-uniform magnetic field. 1In
these figures, parts corresponding to those shown in Fig. 5
are indicated by the same characters.

Fig. 9 is a schematic sectional view, similar to
Figs. 8A, of a cathode ray tube having no pole piece for
illustrating the operation of the pole pieces of the
present invention in comparison with the related art.

Referring to Figs. 8A, 8B and Fig. 9, the electron

beam 10 passes through the third grid electrode (G3) 103 of
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the electron gun focuses by a main lens 38 formed between
the third grid electrode (G3) 103 and the fourth grid
electrode (G4) 104. When being not deflected by a
deflection magnetic field formed by the deflection yoke 11,
the electron beam 10 travels straight and forms a beam spot

having a diameter of D; on the central portion of the

- phosphor film 13.

Here, it will be qualitatively described how the
trajectory of the electron beam 10 is changed by the
presence (Figs. 8A and 8B) or the absence (Fig. 9) of the
pole pieces 39 (see Figs. 8A, 8B and Fig. 9) in the case
where the electron beam 10 is deflected on the right-half
side seen from the phosphor screen side. |

Referring to Fig. 9, the rightmost trajecﬁory of
the electron beam 10 travels as shown by the referehce
numeral 10R because the pole pieces 39 are not provided;
and the leftmost trajectory also travels as shown by the
reference numeral 10L because the pole pieces 39 are not
provided and it diverges on the phosphor film 13, to form a
beam spot having a diameter D,.

On the contrary, as shown in Fig. 8A, when the pole
pieces 39 are provided, the leftmost traﬁectory of the
electron beam travels as shown by the reference numéral
10L' by the effect of lines of magnetic force formed by the

pole pieces 39.
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The rightmost trajectory of the electron beam
travels.shown by the reference numeral 10R because the
deflection magnetic field in the trajectory portion is
reduced by the magnetic path formed by the pole ﬁieces 39,
and thereby it focuses on the phosphor film 13.

As a result, a beam spot having a diameter D3

smaller than the diameter D, is formed on the phosphor f£ilm

13. This is due to the fact that the locally modified non-
uniform magnetic field is formed as shown in Figs. 2A and
2B.

The shape of the beam spot having the diameter D3

on the phosphor f£ilm 13 can be suitably adjusted by the
combination of the mounting positions of the pole pieces
39; the length of the pole piece 39 to the phosphor £ilm
13; the length of the pole piece 39 extending substantially
in parallel to the phosphor film 13; the distribution of
the deflection magnetic field; the diameter of the electron
beam passing through the interval between the pole pieces
39; and the maximum deflection angle. A uniform resolution
over the entire screen can be thus obtained by making

smaller the difference between the diameter D; and the
diameter D; of the beam spot at the screen center.

As a result, the present invention can provide an

inexpencive cathode ray tube enabling the focusing control
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synchronized with the deflection angle on the phosphor

" screen without dynamic focusing in synchronization with the

deflection angle of an electron beam, leading to a uniform
display over the entire screen. The detail conditions in
the embodiments of the present invention are actually
dependent on, for example, the structure of the cathode ray
tube having a specified maximum deflection angle;.the
structure of a deflection magnetic field generating portion
assembled in the cathode ray tube; the structure of the
pole pieces for fofming a locally modified non-uniform
magnetic field; the structure of an electron gun other than
the pole pieces; the drive condition of the cathode ray
tube; and the application of the cathode ray tube.

To improve uniformity of resolution over the entire
phosphor screen by forming in a deflection magnetic field a -
locally modified non-uniform magnetic field synchronized
with the deflection magnetic field, the trajectory of an
electron beam must be deflected to pass through the
different magnetic field areas even in the locally modified
non-uniform magnetic field. Accordingly, there presents a
positional relationship between the locally modified non-
uniform magnetic field and the deflection magnetic field.

Figs. 10A and 10B are a graph and a view
illustrating a deflection magnetic field distribution,

respectively; wherein Fig. 10A is a graph illustrating the
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deflection magnetic field distribution on the axis of the
cathode ray tube having the deflection angle of 100° or
more; and Fig. 10B is a view illustrating the positional
relationship between the deflection magnetic fieid |
diséribution shown in Fig.‘loA and the deflection magnetic
field generating mechanism.

The right in Fig. 10B is the side near the phosphor
screen and the left in Fig. 10B is the side remote from the
phosphor screen. |

In Figs. 10A and 10B, reference character A
indicates a basic position upon measurement of the magnetic
field; BH is a position having the maximum value of the
magnetic flux density 64 of the magnetic field for
deflection in the scanning direction; BV is a position.
having the maximum value of the magnetic flux_density of
the magnetic field for deflection in the direction
perpendicular to the scanning direction; and C is an end
portion, on the side remote from the phosphor screen, of a
magnetic material forming a core of a coil for forming the
magnetic field.

In the case where a portion of the pole piece on
the phosphor screen side has axial indenéion in the axial
direction of the cathode ray tube, the distance is
expressed by the longest portion.

Figs. 11A and 11B are a graph and a view
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illustrating a deflection magnetic field distribution,
respectively; wherein Fig. 11lA is a graph illustrating the
deflection magnetic field distribution on the axis of the
cathode ray tube having the deflection angle of iOO° or
less; and Fig. 1l1B is a view illustrating ﬁhe positional
relationship between the defleétion magnetic field
distribution shown in Fig. 11A and the defleétion magnetic
field generating mechanism.

The right in Fig. 11B is the side near the phosphor
screen and the left in Fig. 11B is the side.remote from the
phosphor screen.

In Figs. 11A and 11B, reference character A
indicates a reference position for measurement of the
magnetic field; BH is a position having the maximum valﬁe
of the magnetic flux density 64 of the magnetic field for
deflection in the scanning direction; BV is a position
having the maximum value of the magnetic flux density of
the magnetic field for defléction in Ehe direction
perpendicular to the scanning direction; and C is an end
portion, on the side remote from the phosphor screen, of a
magnetic material forming a coré of a coil for forming the
magnetic field.

Fig. 12 is a perspective view of the configuration
of deflection defocusing correction pole pieces of the

present invention, formed in a deflection magnetic field,
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for forming locally modified non-uniform magnetic fields
synchronized with the deflection magnetic field. Each of
the four pole pieces 39 shown in the figure is made of a
soft magnetic plate. Surfaces E of the pole pieées 39 face
a phosphor screen substantially in parallel thereto in such
a manner that pole tips 39A of the adjacent pole pieces 39
are separated from each other by a distance D. An
undeflected electron beam passes through each of centers
Zc-Zc and Zs-Zs in the intervals of the pole tips 39A.

The pole pieces 39 were set in angle in such a
manner that the six intervals D between the pole tips 39Aa
were in parallel to the scanning line, and were mounted on
the anodes of electron guns of a color cathode ray tube
having a specification in which the outside diameter of a

neck portion was 29 mm, the maximum deflection angle was

112" , and the phosphor screen size was 68 cm.

Such a cathode ray tube exhibited a desirable
result in the condition that a deflection magnetic field
shown in Figs. 10A was applied, the surfaces E shown in
Fig. 12 were set at the axial position of -96 mm, and the
anode voltage 30 kV was applied.

In the case where the pole pieceé are removed from
the surfaces E in Fig. 12, the relationship B(mT)/+ Eb(kV)

between the magnetic flux density and the anode voltage is
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0.0104mT « (kv)-1/2, which corresponds to about 40% of the

maximum magnetic flux density. The positions where the
surfaces E are set are separated from the remote_core end
portion of the coil for generating the deflection magnetic
field by about 18 mm.

These conditions are dependent on, for example, the
structure of the cathode ray tube having a specified
maximum deflection angle; the structure of a deflectioﬁ
magnetic field generating portion assembled in the cathode
ray tube; the pole pieces for forming locally modified non-
uniform magnetic fields; the structure of an electron gun'
other than the pole pieces; the drive condition of the
cathode ray tube; and the application of the cathode ray
tube. | o

The pole pieces 39 shown in Fig. 12 for forming ih
a deflection magnetic field locally modified non-uniform
magnetic fields in synchronization with the deflection
magnetic field were also mounted-on anodes of electron guns
of a color cathode ray tube having a specification in which
the outside diameter of a neck portion was 29 mm, the
maximum deflection angle was 90°, and the phosphor screen
size was 48 cm.

Such a cathode ray tube exhibited a desirable
result in the condition that a deflection magnetic field

shown in Figs. 11A was applied, the surfaces E shown in
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Fig. 12 were set at the axial position of -58 mm, and the
anode voltage 30 kV was applied.

In the case where the pole pieces are removed from
the surfaces E in Fig. 12, the relationship B(mT)/+ Eb(kV)
between the magnetic flux density B and the anode voltage
Eb is 0.016mT - (kV)-1/2, which corresponds to about 78% of
the maximum magnetic flux density. The positions where the
surfaces E are set are separated from the remote core end
portion of the coil for generating the deflection magnetic
field by about 25 mm.

These conditions are dependent on, for example, the
structure of the cathode ray tube having a specified
maximum deflection angle; the structure of a deflectibq
magnetic field generating portion assembled in the cathéde
ray tube; the pole pieces for forming locally modified non-
uniform magnetic fields; the structure of an electron gun
other than the pole pieces; the drive condition of the
cathode ray tube; and the application of the cathode ray
tube. -

Fig. 13A is a sectional view of an essential
portion of one example of an electron gun used for a
cathode ray tube of the presenﬁ invention. Referring to
this figure, an anode 6 forming a main lens 38 is disposed
in the cathode ray tube on the side near a phosphor screen

and a focusing electrode 5 is disposed on the side remote
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from the phosphor screen.

In Fig. 13a, deflection defocusing correction pole
pieces 39 for forming in a defléction magnetic field a
locally modified non-uniform magnetic field syncﬁronized
with the deflection magnetic field are located at positions
shifted to the phosphor screen from a facing surface 6a
between the anode 6 and the main lens 38 of the electron
gun. Reference numeral 100 indicates a shield cup; and 105
is a pole piece support.

Fig. 14 is a schematic view illustrating one
example of the configﬁration of an electron gun used for
the cathode ray tube according to the present invention.

In addition, the cathode ray tube is of a projection type
having the maximum deflection angle less than 85 .

In Fig. 14, a magnetic focusing coil 74 is disposed
outside a neck poftion 7 at a position on the side of a
phosphor screen 13 with respect to an anode 104. A
distance L5 between a surface 104a, facing the main lens
38, of the anode 104 and the end portions, near the
phosphor screen 13, of deflection defocusing correction
magnetic pole pieces 39 for forming in a deflection
magnetic field locally modified non—uniférm magnetic fields
synchronized with the deflection magnetic field is about
180 mm. The anode 104 is a cylinder in which the inside

diameter of the surface 104a facing the main lens 38 is 30
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In the configuration shown in Fig. 14, a potential
éf a phosphor film is divided by a resistive f£ilm 75 formed
on the inner surface of the neck portion 7 and a.resistor
76, to generate a voltage supplied to the anode 104. The
detail conditions are dependent on, for example, the

structure of the cathode ray tube having a specified

maximum deflection angle; the structure of a deflection

magnetic field generating portion assembled in the cathode
ray tube; the deflection defocusing correction pole pieces;
the structure of the electron gun other than the pole
pieces; the operation condition of the cathode ray tube;
and the application of the cathode ray tube.

Figs. 152 and 15B are views illustrating one
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention; wherein Fig. 15A is a view
illustrating lines of magnetic force for defocusing
correction in the vertical direction; and Fig. 15B is a
view illustrating lines of magnetic force for defocusing
correction in the horizontal direction.

In Fig. 15A, the pole pieces 39 are positioned on
opposite sides, in the inline direction, of each electron
beam 10 in such a manner that the opposed portions of each

pole piece tip 39a of the pole piece 39 are positioned in
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the direction perpendicular to the inline direction of the
electron beam 10 for convergence of a magnetic flux at the
opposed portions.

In addition, reference numeral 77 in Fig: 15A
indicates lines of magnetic force for deflecting the |
electron beam in the direction perpendicular to the inline
direction. The formation of the pole pieces 39 made-of a
magnetic material for forming in a deflection magnetic
field locally modified non-uniform magnetic fields
synchronized with the deflection magnetic field, allows the
number of lines 77 of magnetic force to be converged near -
portions positioned on opposite sides of a path of an
undeflected electron beam 10 and hence to perform
deflection defocusing correctipn.

In Fig. 15B, reference numeral 78 indicates iines
of magnetic force for deflecting an electron beam 10 in the
inline direction. The formation of the pole pieces 39 made
of a magnetic material for forming in a deflection magnetic
field, locally modified non-uniform magnetic fields
synchronized with the deflection magnetic field allows the
lines 78 of magnetic force to be converged near portions
positioned on opposite sides of the pathibf the undeflected
electron beam and hence to perform deflection defocusing
correction.

The pole pieces 39 shown in Figs. 15A, 15B can be
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actually applied to a gun for the color cathode ray tube of
the type having three inline electron beams shown in Fig.
13A. Fig. 13B is an exploded perspective view showing an
assembling state of the pole pieces 39, a pole piéce
support 105 and a shield cup 100 of each electron gun of
the cathode ray tube shown in Fig. 13A; and Fig. 13C is a
front view showing the detail of the pole pieces 39. The
features of the pole pieces are as follows.
(1) Four pole pieces 39-1, 39-2, 39-3 and 39-4 are
arranged in the inline direction of three electron beams in
such a manner that pole tips 39A of the adjacent pole
pieces are disposed on opposite positions of a plane
passing through a path of an undeflected electron beam and
being perpendicular to the inline direction.

In Fig. 13c; reference character S indicates an
interval between undeflected electron beams.
(2) Each of six opposed portions of the.four pole
pieces for three electron beams has an area formed in the
same arcuate shape having the same radius near the inline
axis. This arcuate shape is effective to decrease a
vertical deflection magnetic field near the inline axis and
to suitably increase the vertical deflection magnetic field
with a position remote from the inline axis. Since the
four pole pieces for three beams have the six central

opposed areas formed in the same arcuate shape having the
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same radius, the corrections for the trajectories of the
three electron beams near the inline axis (not requiring a
large correction for trajectories so much) are
substantially identical to each other, to thereb& suppress
a change in convergence; and further when mounted on the
electron guns, a cylindrical mandrel can be used, to
thereby improve the workability and mounting accuracy in.
assembly.
(3) A portion, remote from the inline axis, of the
opposed surface of each pole piece is cutaway in the midway
of the tangent line of the arcuate shape. |

By cutting away the midway of the tangent line of
the arcuate shape, it is possible to suppress an extreme
gradient of a density distribution of the magnetic field
for diverging the electron beam in the direction
perpendicular to the inline direction. When an extreme
change in density distribution of the magnetic field is
present, the verticél deflection defocusing correction is
made excessive on the upper and lower portion of the
screen, so that the vertical diameter of the beam spot is
increased, to thereby reduce the wvertical resolution; and
further the curvature of lines of magnetic force is
increased so that the focusing action on the electrén beam
in the horizontal direction is made excessive, to thereby

generate halos on the right and left of a beam spot. .When
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a crosshatch pattern is displayed, halos are generated on

the right and left of each vertical line, to thereby reduce

the resolution.

(4) Intervals between the pole pieces are set to be

identical to each other for three electron guns. By
imparting similar magnetic fields to peripheries of the
three electron guns, a change in convergence can be
suppressed even when the positions of the pole pieces to
the deflection magnetic field are varied.

(5) The pole tips 39A of the center pole pieces 39-2
and 39-3 are closer to the inline axis X-X than the pole
tips 39A of the right and left outermost magnetic pieces
19-1 and 39-2. It is possible to reduce a difference in
the influence of the deflection defocusing between a state
that the side electron beam is deflectéd rightward and a
state that it is deflected leftward, and to take a balance
of the deflection sensitivity in the right and left. This
is effective to suppress the change in convergence in the
horizontal direction.

(6) Each of the right and left outermost pole pieces
39-1 and 39-4 is larger in the width in the X-X direction
than each of the central pole pieces 39-2 and 39-3. This
makes it possible to adjust the horizontal deflection
sensitivity of the side electron beam to that of the center

electron beam, and hence to suppress the change in
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convergence.

(7) The plate thickness of the pole piece ié uniform.
The pole piece can be formed by punching, resulting in the
reduced cost. | .

Figs. 16A and 16B are views illustrating another
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention; wherein Fig. 16A is a view
illustfating lines of magnetic force for defocusing
correction in the vertical direction; and Fig. 16B is a
view illustrating lines of magnetic force for defoéusing
correction in the horizontal direction.

In Fig. 16A, the polé pieces 39 are positioned on
opposite siaes, in the inline direction, of each electron
beam 10 in such a manner that the opposed portions of each
pole tip 39a of the pole piece 39 are positioned in the
direction perpendicular to the inline direction of the
electron beam 10 for convergence of a magnetic flux at the
opposed portions.

In addition, reference numeral 77 in Fig. 16A
indicates lines of magnetic force for defiecting the
electron beam in the direction perpendicﬁlar to the inline
direction. The formation of the pole pieces 39 made of a
magnetic material for forming in a deflection magnetic

field locally modified non-uniform magnetic fields
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synchronized with the deflection magnetic field, allows the
number of lines 77 of magnetic force to be convefged near
portions positioned on opposite sides of a path of an
undeflected electron beam 10 and hence to perforﬁ
deflection defocusing correction.

In Fig. 16B, the pole pieces 39 are positioned on
opposite sides, in the inline direction, of each electron
beam 10 in such a manner that the opposed portions of each
pole tip 39a of the pole piece 39 are positioned in the
inline direction of the electron beam 10 for convergence of
a magnetic flux at the opposed portions.

In Fig. 16B, reference numeral 78 indicates lines
of magnetic force for deflecting an electron beam 10 iﬁ the
inline direction. The formation of the pole pieces 39 hade
of a magnetic material for forming in a deflection magnetic
field locally modified non-uniform magnetic fields
synchronized with the deflection magnetic field, allows the
lines 78 of magnetic force to be converged near portions
positioned on opposite sides of the path of the undeflected
electron beam and hence to perform deflection defocusing
correction.

This configuration in which portions near the
electron beam, of the pole piece 39 are tapered, is
suitable for the case where thellines 77 of magnetic force

of the deflection magnetic field in the direction
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perpendicular to the inline direction are not required to
be reduced near portions position on opposiﬁe sides of the
path of the undeflected electron beam, as compared with the
configuration shown in Figs. 15A and 15B. .

Figs. 1&A and 17B are views illustrating a further
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of

the present invention; wherein Fig. 17A is a view

illustrating lines of magnetic force for defocusing

correction in the vertical direction; and Fig. 17B is a
view illustrating lines of magnetic force for defocusing
correction in the horizontal direction..

In Fig. 17A, the pole pieces 39 are positioned on
opposite sides, in.the inline direction, of each electron
beam 10 in such a manner that the opposed portions of each
pole tip 39a of the pole piece 39 are positioned in the
direction perpendicular to the inline direction of the
electron beam 10 for convergence of a magnetic flux at the
opposed portions.

In addition, reference numeral 77 in Fig. 17a
indicates lines of magnetic force for deflecting the
electron beam in the direction perpendicﬁlar to the inline
direction. The formation of the pole pieces 39 made of a
magnetic material for forming in a deflection magnetic

field locally modified non-uniform magnetic fields
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synchronized with the deflection magnetic field, allows the
number of lines 77 of magnetic force to be converged near
portions positioned on opposite sides of a path of an
undeflected electron beam 10 and hence to perforﬁ
deflection defocusing correction.

In Fig. 17B, the pole pieces 39 are positioned on
opposite sides, in the inline direction, of each electron
beam 10 in such a manner that the opposed portions of each
pole tip 39a of the pole piece 39 are positioned in the
inline direction of the electron beam 10 for convergence of
a magnetic flux at the opposed portions.

In Fig. 17B, reference numeral 78 indicates lines
of magnetic force for deflecting an electron beam 10 in the
inline direction. The formation of the pole pieces 39 ﬁade
of a magnetic material for forming in a deflection magnetic
field locally ﬁodified non-uniform magnetic fields |
synchronized with the deflection magnetic field, éllows the

lines 78 of magnetic force to be converged near portions

positioned on opposite sides of the path of the undeflected

electron beam and hence to perform deflection defocusing
correction.

This configuration in which portions remote from
the electron beam, of the pole piece 39 are tapered, is
suitable for the case where the lines 77 of magnetic force

of the deflection magnetic field in the direction
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perpendicular to the inline direction are required to be
increased near portions positioned on opposite sides of the
path of the undeflected electron beam, as compared with the
configuration shown in Figs. 15A and 15B. -

Fig. 18 is a view iliustrating a further stfucture
of deflection defocﬁsing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

In Fig. 18, the pole pieces 39 are positioned on

~opposite sides, in the inline direction, of each electron

beam 10 in such a manner that the opposed portions of each
pole tip 39%9a 6f the pole piece 39 are positioned in the
direction perpendicular to the inline direction of the
electron beam 10 for convergence of a magnetic flux at Ehe
opposed portions.

In addition, reference numeral 77 in Fig. 18
indicates lines of magnetic force for deflecting the
electron beam in the direction perpendicular to the inline
direction. The formation of the pole pieces 39 made of a
magnetic material for forming in a deflection magnetic
field locally modified non-uniform magnetic fields
synchronized with the deflection magnetié field, allows the
number of lines 77 of magnetic force to be converged near
portions on opposite sides of a path of an undeflected

electron beam 10 and hence to perform deflection defocusing
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correction;

Referring to Fig. 18, it is also possible to
increase the lines 78 of magnetic force for deflecting the
electron beam in the inline direction near the péth of the
undeflected electron beams.

Fig. 19 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

In Fig. 19, the pole pieces 39 are positioned on
opposite sides, in the inline direction, of each electron
beam 10 in such a manner that the opposed porﬁions of each
pole tip 39%a of the pole piece 39 are positioned in the
direction perpendicular to the inline direction of the
electron beam 10 for convergence of a magnetic flux at the
opposed portions.

In addition, reference numeral 77 in Fig. 19
indicates lines of magnetic force for deflecting the.
electron beam in the direction perpendicular to the inline
direction. The formation of the pole pieces 39 made of a
magnetic material for forming in a deflection magnetic
field locally modified non-uniform magnetic fields
synchronized with the deflection magnetic field, allows the
number of lines 77 of magnetic force to be converged near

portions on opposite sides of a path of an undeflected
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electron beam 10 and hence to perform deflection defocusing
correction.

The converged amount of the lines 77 of magnetic
force can be increased by making larger the length Hs (in
the direction perpendicular to the inline direction) of the
end portion, on the side near the neck portion from each

side electron beam, of the side pole piece than the length

‘Hc of each of the central pole pieces.

Fig. 20 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

In Fig. 20, the pole pieces 39 are positioned on
opposite sides, in the inline direction, of each electéon
beam 10 in such a manner that the opposed portions of each
pole tip 39a of the pole piece 39 are positioned in the
direction perpendicular to the inline direction of the
electron beam 10 for convergence of a magnetic flux at the
opposed portions.

In addition, reference numeral 77 in Fig. 20
indicates lines of magnetic force for deflecting the
electron beam in the direction perpendieular to the inline
direction. The formation of the pole pieces 39 made of a
magnetic material for forming in a deflection magnetic

field locally modified non-uniform magnetic fields
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synchronized with the deflection magnetic field allows the

number of lines 77 of magnetic force to be converged near

portions on opposite sides of a path of an undeflected

electron beam 10 and hence to perform deflection defocusing
correction.

The intensity of the magnetic field for the center
electron beam can be made different from the intensity of
the magnetic field for each side electron beam by making an
interval Ls between the pole piece tips 39A corresponding
to each side electron beam different from an interval Lc¢
between the pole piece tips 39A corresponding to the center
electron beam. |

Fig. 21 is a view illustrating a further structure
of deflection defocusing correction pole pieces used fér a
three inline beam type color cathode ray tube of the
present invgntion.

In Fig. 21, the pole pieces 39 are positioned on
opposite sides, in the inline direction, of each electron
beam 10 in such a manner that the opposed portions of each
pole tip 39a of the pole piece 39 are positioned in the
direction perpendicular to the inliﬁe direction of the
electron beam 10 for convergence of a mﬁgnetic flux at the
opposed portions.

In addition, reference numeral 77 in Fig. 21

indicates lines of magnetic force for deflecting the
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electron beam in the direction perpendicular to the inline
direction. The formation of the pole pieces 39 made of a
magnetic material for forming in a deflection magnetic
field locally modified non-uniform magnetic fields
synchronized with the deflection magnetic fieid, allows the
number of lines 77 of magnetic force to be converged near
portions on opposite sides of a path of an undeflected
electron beam 10 and hence to perform deflection defoéusing
correction.

Thé magnetic field for each side electron beam can
have a distribution'in the inline direction by making the
length Hc (in the direction perpendicular to the inline
direction) of the portion, near the center electron beam,
of the pole piece for the side electron beam longer tﬁan

the length Hs of the portion, near the neck portion, of the

‘pole piece for the side electron beamn.

Fig. 22 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

In Fig. 22, the pole pieces 39 are positioned on
opposite sides, in the direction perpenéicular to the
inline direction, of each electron beam 10 in such a manner
that the opposed portions of each pole piece tip 39a of the

pole piece 39 are positioned in the direction perpendicular
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to the inline direction of the electron beam 10 for
convergence of a magnetic flux at the opposed portions.

In addition, reference numeral 77 in Fig. 22
indicates lines of magnetic force for deflecting the
electron beam in the direction perpendicular to the inline
direction. The formation of the pole pieces 39 made of a
magnetic material for forming in a deflection magnetic
field locally modified non-uniform magnetic fields -
synchronized with the deflection magnetic field, dllows the
number of lines 77 of magnetic force to be converged near
portions on opposite sides of a path of an undeflected
electron beam 10 and hence to perform deflection defocusing
correction.

In addition, reference numeral 77 in Fig. 22
indicates lines of magnetic force acting for deflecting the
electron beam 10 in the direction perpendicular to the
inline direction. ﬁy the use of the deflection defocusing
correction pole piece 39 made of a magnetic material for
forming a non-uniform magnetic filed synchronized with the
deflection magnetic field in the deflection magnetic field,
it is possible to converge the lines 77 of magnetic force
near portions on opposite sides of the péth of the
undeflected electron beam 10, and hence to perform the
deflection défocusing correction.

Fig. 23 is a view illustrating a further structure
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of deflection defoéusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

Referring to Fig. 23, opposed portions of pole
piece tips 39A of the deflection defocusing cérrection pole
pieces 39 are disposed at two positions slightly remote
from the position of each electron beam 10 in the direction
perpendicular to the inline direction. |

Locally modified non-uniform magnetic fields
synchronized with a deflection magnetic field are formed in
the deflection magnetic field in such a manner that lines
77a and 77b of magnetic forcé are formed at the two
positions for deflecting the electron beam 10 in the
direction perpendicular to the inline direction, so thét
the lines 77a, 77b of magnetic force are converged near
portions on opposite sides of the path of the undeflected
electron beams 10 for correcting deflection defocusing at
the portions.

This configuration is suitable for the case where
the converge of a magnetic field deflected in the inline
direction is not required.

‘'Figs. 24A and 24B are views illustrating a fﬁrther
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of

the present invention; wherein Fig. 24A is a front view and
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Fig. 24B is a side view along the line I - I viewed in the
direction of the arrows.

Referring to Figs. 24A and 24B, opposed portions of
the deflection defocusing correction pole pieces 39 made of
a bar material formed in a square shape in cross-section
are disposed at positions perpendicular to the inline
direction of each electron beam 10 for converging the
magnetic flux therebetween. .

In addition, reference numeral 77 in Fig. 24A
indicates lines of magnetic force acting for deflecting the
electron beam 10 in the direction perpendicular to the
inline direction. By the use of the deflection defocusing
correction magnetic pole piece 39 made of a magnetic
material for forming a non-uniform magnetic filed
synchronized with the deflection magnetic field in the
deflection magnetic field, it is possible to converge the
lines 77 of magnetic force near portions on opposite sides
of the path of the undeflected electron beam 10, and hence
to perform the deflection defocusing correction.

Figs. 25A and 25B are views illustrating a further
structure of deflection defocusing correction pole pieces
used for -a three inline beam typé color éathode ray tube of
the present invention; wherein Fig. 25A is a front view and
Fig. 25B is a side view along the line I - I viewed in the

direction of the arrows.
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Referring to Figs. 25A.and 25B, opposed portions of
the deflection defpcusing'correction pole pieces 39 made of
a bar material formed in a circular shape in cross-section
are disposed at positions perpendicular to the inline
direction of each electron beam 10 for converging the
magnetic flux therebetween.

In addition, reference numeral 77 in Fig. 25A
indicates lines of magnetic force acting for deflectiﬂg the
electron beam 10 in the direction perpendicular to the
inline direction. By the use of the déflection defocusing
correction magnetic pole piece 39 made of a magnetic
material for forming a non-uniform magnetic filed
synchronized with the deflection magnetic field in the
deflection magnetic field, it is possible to converge éhe
lines 77 of magnetic force near portions on opposite sides
of the path of the undeflected electron beam 10, and hence
to perform the deflection defocusing correction.

This configuration is suitable for the case where
convergence of the magnetic field deflected to the inline
direction is not required.

Figs. 26A and 26B are views illustrating a further
structure of deflection defocusing corréction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention; wherein Fig.l26A is a front view and

Fig. 26B is a side view along the line I - I viewed in the
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direction of the arrows.

Referring to Figs. 26A and 26B, opposed portions of
the deflection defocusing correction pole pieces 39 made of
a bar material are disposed at positions perpendicular to
the inline direction of each electron beam 10 for
converging the magnetic flux therebetween.

In addition, reference numeral 77 in Fig. 26A
indicates lines of magnetic force acting for deflectiﬁg the
electron beam 10 in the direction perpendicular to the
inline direction. By the use of the deflection defocusing
correction magnetic pole piece 39 made of a magnetic
material for forming a non-uniform magnetic filed
synchronized with the deflection magnetic field in the
deflection magnetic field, it is possible to converge éhe
lines 77 of magnetic force near portions on opposite sides
of the path of the undeflected electron beam 10, and hence
to pérform the deflection defocusing correction.

The converge of the magnetic flux can be increased
by extending the length (in the direction perpendicular to
the inline direction) of a portion, on the side near the
neck portion from each side electron beam, of the pole
piece. |

This configuration is suitable for the case where
convergence of the magnetic field deflected to the inline

direction is not required.
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Figs. 27A and 27B are‘views illustrating a further
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention; wherein Fig. 27A is a front view and
Fig. 27B is a side view along the line I - I viewed in the
direction of the arrows.

Referring to Figs. 27A and 27B, defiéétion
defocusing correction pole pieces 39 made of a plate
material are disposed on opposite sides of each electron
beam 10 in the inline direction for converging a magnetic
flux to each electron beam 10.

Namely, by provision of the deflection defocusing
correctidn pole pieces 39 made of a magnetic material gor
forming in a deflection magnetic field a non-uniform |
magnetic filed synchronized with the deflection magnetic
field, it is possible to form the lines 77 of magnetic
force deflecting the electron beam 10 in the direction
perpendicular to the inline direction and lines 78 of
magnetic force deflecting the electron beam 10 in the
inline direction near portions on opposite sides of the
path of the undeflected electron beam.

Figs. 28A and 28B are views illustrating a further
structure of deflection defocusing correction pole pieces

used for a three inline beam type color cathode ray tube of

" the present invention; wherein Fig. 28A is a front view and
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Fig. 28B is a side view along the line I - I viewed in the
direction of the arrows.

Referring to Figs. 28A and 28B, deflection
defocusing correction pole pieces 39 made of a bar material
formed in a circular shape in cross-section are disposed on
on opposite sides of each electron beam 10 in the inline
direction for converging a magnetic flux to each electron
beam 10. .

Namely, by provision of the deflection defocusing
correction pole pieces 39 made of a magnetic material for
forming in a deflection magnetic field a non-uniform
magnetic filed synchronized with the deflection magnetic
field, it is possible to form the lines 77 of magnetic
force deflecting the electron beam 10 in the direction-
perpendicular to the inline direction and lines 78 of
magnetic force deflecting the electron beam 10 in the
inline direction near portions on opposite sides of the
path of the undeflected electron beam.

Figs. 29A and 29B are views illustrating a further
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention; wherein Fig. 29A is a front view and
Fig. 29B is a side view along the line I - I viewed in the
direction of the arrows.

Referring to Figs. 29A and 29B, deflection
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defocusing correction pole pieces 39 made of é plate
material longer along the axial direction of the cathode
ray tube are disposed on opposite sides of each electron
beam 10 in the inline direction for converging a magnetic
flux to each electron beam 10.

Namely, by the use of the deflection defocusing
correction magnetic pole piece 39 made of a magnetic
material for forming a non-uniform magnetic filed
synchronized with the deflection magnetic field in the
deflection magnetic field, it is possible to form lines 77
of magnetic force deflecting the electron beam 10 in the
direction perpendicular to the inline direction and lines
78 of magnetic force deflecting the electron beam 10 in the
inline direction near a portion holding the trajectory:of
the undeflected electron beam.

Fig. 30 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

Referring to Fig. 30, deflection defocusing
correcting magnetic pole pieces 39 made of a plate material
longer along the direction perpendiculaf to the inline
direction are disposed on opposite sides of each electron
beam 10 in the inline direction for converging a magnetic

flux to each electron beam 10.
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Namely, by provision of the deflectiqn defocusing
correction pole pieces 39 made of a magnetic material for
forming in a deflection magnetic field a non-uniform
magnetic filed synchronized with the deflection magnetic
field, and by homogeneously distributing lines 77 of
magnetic force synchronizéd with the: deflection magnetic
field near portions on opposite sides of the path of the
undeflected electron beam 10, the deflection correctian at
the portion ié corrected.

| In addition, lines 78 of magnetic field deflect the
electron beam 10 in the inline direction. |

Fig. 31 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the .
present invention.

Referring to Fig. 31, deflection defocusing
correction c¢ pole pieces 39 made of a narrow width plate
material longer in the direction perpendicular to the
inline direction are disposed on opposite sides of each
electron-beam 10 in the inline direction for cohverging a
magnetic flux to each electron beam 10.

Namely, by provision of the defléction defocusing
correction pole pieces 39 made of a magnetic material for
forming in a deflection magnetic field a non-uniform

magnetic filed synchronized with the deflection magnetic
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field, and by homogeneocusly distributing lines 77 of
magnetic force synchronized with the deflection magnetic
field near portions on opposite sides of the path of the
undeflected electron beam 10, the deflection correctioﬁ at
the portion is corrected.

In addition, lines 78 of magnetic field deflect the
electron beam 10 in the inline direction.

Fig. 32 is a view illustrating a further struéture
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

Referring to Fig. 32, deflection defocusing
correction pole pieces 39 made of a plate material longer
in the direction perpendicular to the inline directiontare
disposed at opposite sides of each electron beam 10 in the
inline direction, and the width of the pole piece
positioned on each side of the center electron beam is
larger than the width of the pole piece positioned near the
neck portion from each.side electron beam, so that a
magnetic flux is converged to each electron beam 10.

Namely, by provision of the deflection defocusing
correction pole pieces 39 made of a magnétic material for
forming in a defléction magnetic field a non-uniform
magnetic filed synchronized with the deflection magnetic

field, and by homogeneously distributing lines 77 of
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magnetic force particularly acting on the center electron
beam and synchronized with the deflection magnetic field
near portions on opposite sides of the path of the
undeflected electron beam 10, the deflection correction at
the portion is corrected.

In addition, lines 78 of magnetic field deflect the
electron beam 10 in the inline direction.

The width relationship of the four pole pieceé 39
may be reversed for obtaining a more homogeneous
distribution of the lines 77 of magnetic force particularly
acting on each side electron beam.

Fig. 33 is a view illustrating a further structure
of.deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

Referring to Fig. 33, deflection defocusing
correction pole pieces 39 made of a plate mate:ial longer
in the direction perpendicular to the inline direction are
disposed at opposite sides of each electron beam 10 in the
inline direction, for converging a magnetic flux to each
electron beam 10.

Reference numeral 77 indicates iines of magnetic
force deflecting the electron beam 10 in the direction
perpendicular to the inline direction; and 78 is lines of

magnetic force deflecting the electron beam 10 in the
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inline direction.

The length of the pole piece at each side of the
center electron beam is made longer than the length of the
pole piece positioned on the neck portion side from each
side electron beam. This makes it possible to make
homogeneous the lines 77 of magnetic force acting on the
central electron beam, and to make dense and homogeneous
the lines 77 of magnetic force, on the neck portion side,
acting on each side electron beam.

The length relationship of the four pole pieces 39.
may be reversed for obaining a more homogeneous
distributiion of the lines 77 of magnetic force
particularly acting on each side electron beam.

Fig. 34 is a view illustrating a further strucéure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention.

Referring to Fig. 34, deflection defocusing
correction pole pieces 39 made of a plate material longer
in the direction perpendicular to the inline direction are
disposed at opposite sides of each electron beam 10 in the
inline direction, for converging a magnétic flux to each
electron beam 10.

Reference numeral 77 indicates lines of magnetic

force deflecting the electron beam 10 in the direction
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perpendicular to the inline direction; and 78 is lines of
magnetic force deflecting the electron beam 10 in the
inline diiection. |

The lengthlof the pole piece at each side of the
center electron beam is made longer than the length of the
pole piece positioned on the neck portion side from each
side electron beam, and the length of a portion, on the
electron beam side, of the pole piece positioned on thé
neck portion side from each side electron beam is
shortened.

With this configuration, it is possible to obtain a
more dense and homogeneous distribution of the lines 77 of
magnetic force, on the neck portion side, acting on each
side electron beam, as compared with the configurationi
shown in Fig. 33.

The shape relationship of the four magnetic pole
pieces 39 may be reversed for obtaining a magnetic field
distribution different from that described above.

Figs. 35A and 35B are views illustrating a further
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention. |

Fig. 35A is a front view and Fig. 35B is a side
view along the line I - I viewed in the direction of the

arrows.
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Referring to Figs. 35A and 35B, opposed portions of
pole piece tips 39A of deflection defocusing correction
pole pieces 39 made of a bar material longer in the
direction perpendicular to the inline direction are
disposed in the direction perpendicular to the inline
direction of each electron beam 10 for converging a
magnetic flux deflected in the direction perpendicular to
the inline direction.

Reference numeral 77 indicates lines of magnetic
force_deflecting the electron beam 10 in the direction
perpendicular to the inline direction; and 78 is lines of
magnetic force deflecting the electron beam 10 in the
inline direction.

The pole piece positioned on the neck portion éidé
from each side electron beam a portion F extending on the
center axis side of the inline direction along the
direction perpendicular to the inline direction, and a
portion G extending in the reversed direction to the
portion F.

With this configuration, the portion F can increase
the magnetic flux density, near the neck portion, of the
magnetic field acting on each side electfon beam in the
deflection magnetic field deflected in the inline
direction; and the portion G can increase the deflection

defocusing correction magnetic field in the direction
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perpendicular to the inline direction.

Figs. 36 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention. .Inlthis.configuration, the pole piece
on the neck portion side described in Figs. 35A and 35B is
made of a bent bar materiai. The effect of this
configuratibn is the same as that shown in Figs. 35aA And
35B.

Figs. 37A and 37B are views illustrating a further
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention; wherein Fig. 37A is a front view and
Fig. 37B is a side view along the line I - I viewed in:the
direétion of the arrows.

Referring to Figs. 37A and 37B, deflection
defocusing correction pole pieces 39 are positioned on
opposite sides of each electron beam 10 in the inline
direction, and the opposed portions of the pole piece tips
39A are disposed in the direction perpendicular to the
inline direction of the electron beam 10 in such a manner
as to project at the end portions in thé axial direction of
the cathode ray tube.

Reference numeral 77 indicates lines of magnetic

force deflecting the electron beam 10 in the direction
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perpendicular to the inline direction; and 78 is lines of
magnetic force deflecting the electron beam 10 in the
inline direction.

By provision of the pole pieces 39 having such a
configuration for forming in a deflection magnetic field a
locally modified non-uniform magnetic field synchronized
with the deflection magnetic field, it is possible to
extend the range of the locally modified non-uniform
magnetic field in the axial direction of the cathode ray
tube, and hence to improve the correction sensitivity of
the deflection defocusing.

Fig. 38 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a

three inline beam type color cathode ray tube of the

present invention, and particulquy illustrating lines of

magnetic force for defocusing correction by horizontal
deflection.

Referring to Fig. 38, opposed portions of pole
piece tips 39A of magnetic pole pieces 39 are disposed in
the direction perpendicular to the inline direction of each
electron beam 10 for converging a magnetic flux between the
opposed ‘portions, thereby correcting deflection defocusing.

Fig. 39 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a

three inline beam type color cathode ray tube of the
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present invention, and particularly illustrating lines of
magnetic force for defocusing correction by horizontal
deflection.

Referring to fig. 39, opposed portions of pole
piece tips 39A of pole pieces 39 are disposed in the
direction perpendicular to the inline direction of each
electron beam 10 for converging a magnetic f£lux between the
opposed portions, thereby correcting deflection defocﬁsiﬁg.

When the center electron gun is different from each
side electron gun in the amount of deflection defocusing,
the converged amount of the magnetic flux is changed by
specifying the length of the pole piece in the direction
perpendicular to the inline direction at a value required
for the electron gun, thereby suitably controlling thé
correction amount in each electron gun.

Fig. 40 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention, and particularly illustrating lines of
magnetic force for defocusing correction by horizontal
deflection.

‘Referring to Fig. 40, opposed pértions of pole
piece tips 39A of pole pieces 39 are disposed in the
direction perpendicular to the inline direction of each

electron beam 10 for converging a magnetic flux between the
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opposed portions, thereby correcting deflection defocusing.
When a horizontal diverging state of an electron
beam of an each side electron gun differs between on the

center electron gun side and on the. opposed side, the

"diverging state can be suitably controlled by changing each

distance between the electron guns and.each distance W
between the pole pieces 39.

Fig. 41 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention, and particularly illustra;ing }ines of
magnetic force for defocusing correction by horizontal
deflection.

Referring to Fig. 41, opposed portions of pole:
piece tips 39A of pole pieces 39 are disposed in the
direction perpendicular to the inline direction of each
electron beam 10 for converging a magnetic flux between the
opposed portions, thereby correcting deflection defocusing.

When horizontal diverging states of an electron beam
of side electron guns are different from each other, the
diverging state can be suitably controlled by changing the
length of the pole piece for each electfon gun in the
inline direction.

Fig. 42 is a view illustrating a further structure

of deflection defocusing correction pole pieces used for a
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three inline beam type color cathode ray tube of the
present invention, and particularly illustrating lines of
magnetic force for defocusing correction by horizontal
deflection.

Referring to Fig.-42, opposed portions of pole
piece tips 39A of pole piéces 39 are disposed in the
direction perpendicular to the inline direction of each
electron beam 10 for converging a magnetic flux betweén the
opposed portions, thereby correcting deflection defocusing.

When a horizontal diverging state of an electron
beam differs between an each side electron gun and the
center electron gun, the diverging state can be suitably
adjusted by changing the lengths Pc and Ps.of the opposed
portions of the pole piece tips 39A corresponding to e;ch
electron gun.

Fig. 43 is a view illustrating a further structure
of deflection defocusing correction pole pieces used for a
three inline beam type color cathode ray tube of the
present invention, and particularly illustrating lines of
magnetic force for defocusing correction by horizontal
deflection.

‘Referring to Fig. 43, opposed partions of pole
piece tips 39A of pole pieces 39 are disposed in the
direction perpendicular to the inline direction of each

electron beam 10 for converging a magnetic flux between the
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opposed portions, thereby correcting deflection defocusing.

The convergence state of a magnetic f£lux can be
suitably controlled by changing the length of the pole
piece 39 in the inline direction between on the opposed
portion side of the pole piece tip 39A and on the side
remote from the opposed portion side.

Fig. 44A is a front view and Fig. 44B is a side
view along ;he line I ~ I viewed in the direction of ﬁhe
arrows.

Figs. 44A and 44B are views illustrating a further
structure of deflection defocuéing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention, and particularly illustréting_lines
of magnetic force for defocusing correction by horizonhal
deflection.

Referring to Figs. 44A and 44B, opposed portions of
pole piece tips 39A of pole pieces 39 are disposed in the
direction perpendicular to the inline direction of each
electron beam 10 for converging a magnetic flux between the
opposed portions, thereby correcting deflection defocusing.

The correction amount in the horizontal direction
can be increased while suppressing the éffect on the
vertical deflection magnetic field by shortening the length
of the magnetic pole piece in the inline direction and

exténding the length L of the pole piece in the axial
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direction for forming, near the center of the electron
beam, a magnetic field in which the density is high and is
longer in the relation with the electron beam.

Fig. 45A and 45B, 46A and 46B, and 47A and 47B are
views each illustrating a further structure of deflection
defocusing correction pole pieces used for a thrée inline
beam type color cathode ray tube of the present invention,
and particularly illustrating lines of magnetic force for
defocusing correction by horizontal deflection.

| Figs. 452, 46A and 47A are front views and Figs.
45B, 46B abd 47B are side views along the line I - I viewed
in the direction of the arrows, respectively.

Referring to these figures, opposed portions of
pole piece tips 39A of pole pieces 39 are disposed in Ehe
direction perpendicular to the inline direction of each
electron beam 10 for converging a magnetic flux between the
opposed portions, thereby correcting deflection defocusing.

The correction amouﬁt in the horizontal direction
can be increased while suppreésing the effect on the
vertical deflection magnetic field by shortening the length
of the pole piece in the inline direction and, extending
the length of the pole piece in the axial direction in a
range from the position neaf the inline center axis to the
position remote from the inline center axis, for forming a

high density magnetic field near the center of the electron

-
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beam.

Fig. 48A and 48B are views illustrating a further
structure of deflection defocusing correction pole pieces
used for a three inline beam type color cathode ray tube of
the present invention, and particularly illustrating lines
of magnetic force for defocusing correction by vertical
deflection and horizontal deflection.

Fig. 48A is a front view and Fig. 48B is a siae
view along the lihe I - I viewed in the direction of the
arrows.

Referring to these figures, opposed portions of
pole piece tips 391A of pole pieces 391 are disposed in the
direction perpendicular to the inline direction of each
electron beam 10 for converging a magnetic flux betWeeL the
opposed portions, thereby correcting deflection defocusing.

The correction amount in the horizontal direction
can be increased while suppressing the effect on the
vertical deflection magnetic field by shortening the length
of the pole piece in the inline direction and, extending
the length of the pole piece in the axial direction in a
range from the poéition near the inline center axis to the
position remote from the inline center éxis, for forming a
high density magnetic field near the center of the electron
beam.

Each interval between the opposed portions of the
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pole piece tips 391A of the pole pieces 391 is also
disposed in the direction perpendicular to the inline
direction of each electron beam 10, to converge a magnetic
flux between the oppésed portions of the pole tip 391A,
thereby further correcting the deflection defocusing in the
vertical direction.

The correction amount in the vertical direction can
be increased while suppressing the effect on the horiiontal
deflection magnetic field by shortening the length of the
pole piece 39 in the direction perpendicular to the inline
direction.

Moreover, the axial positions of the pole pieces
corresponding to each deflection magneﬁic field are made
different from each other for further reducing the mutﬁal
effect of the horizontal and vertical deflection magnetig
fields.

Figs. 84A, 84B to 89A and 89B, each shows a
combination example of pole pieces 39 having various shapes
and a pole piece support 105. In these examples, it is
desirable to satisfy the relationship of H>W.

Figs. 49A to 49C are views illustrating a main lens
portion of a single beam type electron gun of a cathode. ray
tube to which the present invention is applied, wherein
Fig. 49A is a sectional view, Fig. 49B is a front view seen

from the direction of the arrow of Fig. 49A, and Fig. 49C



10

15

20

25

- 147 -

is a perspective view.

Referring to these figures, the diameter of an
anode 104 is formed to be larger than that of a focus
electrode 103. Such an electrode structure allows the
aperture of the main lens to be increased. This increases_
the diameter of an electron beam passing through the main
lens, to make small the diameter of a beam spot at the

central portion of the screen of the cathode ray tube,

‘ resulting in a high resolution.

When the diameter of an electron beam when passing
through the main lens is increased, an effect of deflection
defocusing due to a change in the distance between the main
lens and the phosphor screen upon deflection is increased,
as a result of which the improvement in resolution at éhe
screen central and the increase in the deflection
defocusing are incompatible with each other.

According to the present invention, the deflection
defocusing correction pole pieces 39 are disposed to form a
magnetic field for diverging an electron beam in accordance
with a deflection amount. In these figures, a magnetic
field for diverging an electron beam in the vertical
direction is formed in accordance with tﬁe magnetic field
deflecting the electron beam in the vertical direction.

Figs. 50A to 50C are views illustrating another

main lens portion of a single beam type electron gun of a
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cathode ray tube to which the present invention is applied,
wherein Fig. 50A is a sectional view, Fig. 50B is a front
view seen from the direction of the arrow of Fig. 50A, and
Fig. 50C is a perspective view.

The basic operation of this configuration is the
same as that shown in Figs. 49A to 49C except for the
structure of electrodes forming the main lens.

Figs. 51 and 52 are views illustrating the
essential.portion of an electron gun and the trajectory of
an electron beam in the case where the diameter of an anode

104 forming the main lens is larger than a focus electrode

. 103 as shown in Figs. 49A to 49C and Figs. 50A to 50C.

In these figures, the optimum focusing with no
deflection magnetic field is performed at the central T
portion of the screen. Upon deflection, the electron beam
is focussed in front of the screen as shown by the
reference numeral 10y in the case where the deflection
defocusing correction pole pieces are not provided.

On the contrary, the electron beam is optimally
focused on the screen as shown by the reference numeral
10p' in the case where the pole pieces 39 are provided.

'Fig. 53 is a view illustrating another
configuration example of a single beam type electron gun of
a cathode ray tube to which the present invention is

applied, wherein four deflection defocusing correction pole
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pieces 39 are used. Each interval between the pole pieces
39 is narrow in the horizontal direction.

With this configuration, it is possible to correct
the deflection defocusing of an electron beam 10 deflected
in the vertical direction.

Fig. 54 is a a view illustrating a further
configuration example of a single beam type electron gun of
a cathode ray tube to which the present invention is
applied, wherein four deflection defocusing pole pieces 39
are used. Each interval between the pole pieces 39 is
narrow in the vertical direction.

with this configuration, it is possible to correct
the deflection defocusing of an electron beam 10 deflected
in the horizontal direction. This configuration is -
suitable for a projection type cathode ray tube.

The poles pieces shown in Figs. 53 and 54 may be
combined with each other in accordance with horizontal and
vertical magnetic field distributions.

Fig. 55 is a view illustrating a further
configuration example of a single beam type electron gun of
a cathode ray tube to which the present invention is
applied, wherein two deflection defocusing correction pole
pieces 39 are used. Each interval between of the pole
pieces 39 is narrow in the vertical direction, and the

deflection defocusing of an electron beam 10 deflected in
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the horizontal direction caﬁ be corrected. Moreover, since
the length of the pole piece is longer in the horizontal
direction, a magnetic flux in the horizontal direction can
be converged in a large amount as compared with the
configuration shown in Fig. 54.

Fig. 56 is a view illustrating a further
configuration example of a single beam type electron gun of
a cathode ray tube to which the present invention is
applied. In this example, four deflection defocusing
correction pole pieces 39 aie used, and the deflection
defocusing of an electron beam deflected in vertical and
horizontal directions is corrected.

Fig. 57 is a partial sectional view of an electron
gun for a cathode ray tube of the type having inline tﬁree
electron beams to which the present invention is applied.

Fig. 58 is a view showing the entire appearance of
another electron gun for a cathode ray tube of the type
having inline three electron beams to which the present
invention is applied.

The partial cross-section of a further electron gun
for a cathode ray tube of the type having inline three
electron beams to which the present invéntion is applied is
shown in Fig. 13.

Fig. 59 shows the effect of a space-charge

repulsion on an electron beam between a main lens and a
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phosphor screen. Reference numeral L8 indicates a distance
between the main lens 38 and the phosphor screen 13.

In Fig. 59, as the electron beam 10 is sufficiently.
remote from an anode 4 (fourth grid electrode), the
surroundings of the electron beam 10 come to be in an anode
potential, and the electric field is almost eliminated. In
such a state, the electron beam 10 traveling while being
focussed by the main lens 38 is changed in the trajecﬁory
by the space-charge repulsion, to be reduced in size into
the minimum diameter Dy before reaching the phosphor £ilm
13. After that, the electron beam 10 is increased in size
as nearing the phosphor film 13 and becomes the diameter D;
at the phosphor film 13,

Fig. 60 is a view illustrating a relationship |
between a distance between the main lens and phosphor film
and an electron beam spot on the phosphor film. The above
space-charge repulsion is dependent on the distance Lg
between the main lens 38 and the phosphor f£ilm 13 in the
case where the cathode ray tube is driven in the same
condition. Namely, the beam spot diameter D; is increased

linearly with the distance Lg.

For a cathode ray tube used for a color. TV receiver
set, when the maximum deflection angle is determined, the

distance Lg between the main lens 38 and the phosphor film
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13 is increased as the screen side of the cathode ray tube
is increased. Accordingly, when the screen size of the

cathode ray tube is increased, the spot diameter D; of the

electron beam on the phosphor film 13 is increased, as a

result of which thé resolution is not increased so mush by

increasing the screen size.

Fig. 61 is a schematic sectional view illustrating
the dimensions of a first embodiment of a cathode ray-tube
of the present invention, and Fig. 62 is a schematic
sectional view illustrating dimensions of a related art
cathode ray tube for comparison with the first embodiment
of the cathode ray tube.

The cathode ray tubes shown in Figs. 61 and 62 use
electron guns which are identical to each other in thet
specification. Accordingly, each of the cathode ray tube
has the same distance Lg between a stem portion as the
bottom of the cathode ray tube to a main lens 38.

In the cathode ray tune shéwn in Fig. 62, however,
the main lens 38 must be separated from a deflection
magnetic field formed by a deflection yoke 11 for
preventing the.eleCtron beam passing through the main lens
38 from being disturbed, and thereby the electron gun is
disposed at a position retreated in the direction of the
neck portion 7 from the deflection yoke 11. As a result,

the distance Lg between the main lens 38 and the phosphor
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screen 13 cannot be shortened more than the distance
between the deflection yoke 11 and the phosphor screen 13.

The diameter of the main lens has been made larger
for improving resolution at the screen center of a cathode
ray tube.  The effect of the enlargement of the diameter of
the main lens exhibits an increase in the diameter of an
electron beam passing through the main lens 38. BAs the
diameter of an electron beam passing through the main.lens
38 is increased, the disturbance by the deflection magnetic
field is increased, so that the main lens having a large
diameter must be further separated from the deflection
magnetic field.

On the contrary, in the configuration of the
present invention shown in Fig. 61, deflection defocusing
correction pole pieces 39 for forming in a deflection
magnetic field locally modified non-uniform magnetic fields
synchronized with a deflection magnetic field are provided
in consideration of the fact that an electron beam passing
through the main lens 38 is disturbed by the deflection
magnetic field, so that the distance Lg can be shortened
more than the distance between the deflection yoke 11 and
the phosphor screen 13. |

Accordingly, in the cathode ray tube of the present
invention, the distance between the main lens and the

phosphor screen can be shortened more than that of the
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related art cathode ray tube, with a result that even when
the screen size of the cathode ray tube is increased in
association with the suitability to the main lens having a
large diameter, the effect of the space-charge repulsion
can be reduced, to decrease the spot diameter of an
electron beam on the phosphor screen, resulting in the
increased resolution.

In this way, the total length L;g of the related art

cathode ray tube is difficult to be shortened because the
length of the electron gun is difficult to be shorten while
suppressing a reduction in the focusing characteristic;
however, in one embodiment of the present invention, since
the distance between the main lens 38 and the phosphor
screen 13 is shortened, the total length.Iqo of the caﬁhode
ray tube can be significantly reduced without changing a
portion extending from the cathode of the electron gun to
the main lens.

According to one embodiment of the present
invention, deflection defocusing correction pole pieces
shown in Fig. 12 for forming locally modified non-uniform
magnetic fields synchronized with a deflection magnetic
field are provided in the deflection magnetic field in such
a manner as-to be attached to an anode 6 of the electron
gun as shown in Fig. 13. This configuration is applied to

a color cathode ray tube of the type having three inline
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beams (outside diameter of neck portion: 29 mm; maximum

deflection angle: 112° ; diagonal measurement of phosphor
screen: 68 cm).

The cathode ray tube is combined with a deflection
magnetic field shown in Fig. 10A, and the surfaces E of the
magnetic pole pieces 39 on the phosphor screen side are set
at an axial position of -96 mm. The cathode ray tube is
driven by an anode voltage of 30 kV. A preferable result
is obtained by the drive of the above cathode ray tube.

The value obtained by dividing the magnetic flux
B(mT) at the above pqrtion by the root of the anode voltage
Eb(kV) is 0.0104 mT - (kV)-1/2. This is about 40% of the
maximum magnetic density.

Moreover, the portion where the surface E of the
pole piece 39 is determined is separated by about 18 m from
an end portion, on the phosphor screen side, of a core of a
coil for generating the deflection magnetic field toward
the cathode side. In addition, when the axial position of
the center surface 38 of the main lens is set at a position
of -100 mm or more in Fig. 10A, the disturbance of the
electron beam due to the deflection magnetic field is
observea, to thus reduce resolution on the peripheral
portion of the phosphor screen.

According to another embodiment, the deflection

defocusing correction pole pieces 39 shown in Fig. 55 for
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forming locally modified non-uniform magnetic fields in the
deflection magnetic field are attached on an anode
electrode of an electron gun as shown in Fig. 14.

Such a cathode ray tube is of a projection type
having the maximum deflection angle of 75° , which uses a
magnetic focus coil 74 in addition to an electrostatic lens
as a main lens of the electron gun. In tbe configuration
shown in Fig. 14, the anode voltage of the electron gﬁn is
generated by dividing a phosphor voltage by a resistive
film 75 formed on the inner wall of the neck portion 7 and
a resistor 76 provided in the cathode ray tube.

The distance between a surface 4a, facing the main
lens side, of the anode 4 of the electron gun and the end
portion, on the phosphor screen side, of the pole piecé 39
is 180 mm.

In the configuration shown in Fig. 61, the
provision of the deflection defocusing pole pieces 39 for
forming locally modified non-uniform magnetic fields in the
deflection magnetic field, enables the main lens 38 to be
disposed near the phosphor screen 13 with little effect of
the deflection magnetié field, so that the surface 104a,
facing to the main lens, of the anode 4 can be disposed to
be shifted to the phosphor screen more than the end portion
7-1 of the neck portion 7 on the phosphor screen side.

An electron gun of a cathode ray tube is applied
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with a high voltage in an interelectrode spacings and
generates a high electric field. A high level design
technique and a quality control in manufacture are thus.
required for stabilize the breakdown voltage
characteristic. The maximum high electric field is formed
near the main lens 38. The electric field near the main
lens 38 is also affected by charge-up on the inner wall of
the neck portion and by micro—dust‘remaining in the céthode
ray tube and adhering on the electrodes of the electron
gun. This embodiment can avoid such inconveniences because
the main lens 38 does not face the neck portion 7.

Moreover, the degradation in the breakdown voltage
due to scrape off of a graphite film on the inner wall of
the neck portion 7 can be prevented by shifting the po&er
supply to the anode 4 from the inner wall of the neck
portion 7 to the inner wall of the funnel portion 8.

in general, in a color TV receiver set and a
terminal display system of a computer, the depth of a
cabinet is dependent on the total length Ijg of a cathode
ray tube. In particular, the recent color TV reliever set
has a tendency that the screen size is increased to the
extent that the depth of the cabinet is ﬁot negligible when
disposed in a home. When the color TV receiver set is
disposed in paraliel to the othef furniture, only the depth

several tens mm becomes inconvenient. As a result, the
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shortening of the depth of the cabinet is significantly
effective in terms of easy of use.

According to the embodiments of the present
invention, there can be provided a color TV receiver set
and a terminal display system of a computer in which the
depth of a cébinet can be significantly shortened as
compared with the related art cabinet without harming the
focus characteristics by shortening the total length Sf the
cathode ray tube.

In general, a coloxr TV receiver set, a finished
cathode ray tube, and parts for a cathode ray tube such as
a funnel are significantly larger in volume than an
electronic part such as a semiconductor element, and
consequently, a transportation cost per unit number beéomes
high. In particular, when a transportation path is longer
such as for overseas, this is not negligible. According to
the embodiment of the present invention, since a color TV
receiver set in which the total length of a cathode ray
tube is shortened and the depth of a cabinet is also
shortened can be provided, the transportation cost can be
saved.

‘Figs. 63A to 63D are views illusfrating the
comparison in dimension between the image display system of
the present invention and a related art image aisplay

system.
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Figs. 63A and 63B shows the image display system
using a cathode ray tube of the present invention; wherein
Figs. 63A is a front view and Fig. 63B is a side view. As
seen from these figures, the depth of the image display
system can be shprtened because the total length Ljo of the’
cathode ray tube can be shortened.

On the contrary, Figs. 63C and 63D show the image
display using a related art cathode ray tube; wherein Fig.

63C is a front view, and Fig. 63D is a side view. As seen

"from these figures, the depth of the image display system

cannot be shortened because the total length of the cathode
ray tube cannot be shortened.

As described above, the present invention prov}des
a method of correcting deflection defocusing in a cathbde
ray tube which is capable of improving focus
characteristics and obtaining a desirable resolution ovef
the entire screen and over the entire electron beam current
region, particularly, without dynamic focusing, and which
is also capable of reducing moire in a small-current
region; a cathode ray tube employing the method; and an
image display system including the cathode ray tube.

‘The present invention also provides a method of
correcting deflection defocusing of a cathode ray tube
which is capable of improving the focus characteristics and

shortening the total length of a cathode ray tube; a
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cathode ray tube employing the method; and an image display

system including the cathode ray tube.
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What is Cléimed is:

1. A method of correcting deflection defocusing in
a cathode ray tube including an electron gun comprising a
plurality of electrodes, an electron beam deflection device
-and a phosphor screen,

said method iﬁcluding placement of pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device and thereby lgcally
modifying said deflection magnetic field in a path of an
electron beam and correcting deflection defocusing of an
electron beam.

2. A methoa of correcting deflection defocusing in
a cathode ray tube including an electron gun comprising a
plurality of electrodes, an electron beam deflection d;vice
and a phosphor screen,

said method including placement of pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device and thereby 1ocall§
modifying said deflection magnetic field in a path of an
electron beam and correcting deflection defocusing of said
electron beam corresponding to deflection of said electron
beam in amount.

3. A method of correcting deflectiéﬁ defocusing_in
a cathode ray tube including an electron guﬁ comprising a

plurality of electrodes, an electron beam deflection device
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and a phosphof screen,

said method‘including placement of pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device and thereby
establishing a non-uniform magnetic field varying in
synchronism with variation of said deflection magnetic
field in a path of an electron beam and correcting
deflection defOCUSing‘of said electron beam correspoﬁding
to deflection of said electron beam in amount.

4. A method of correcting deflection défOCUSingin
a cathode ray tube including an electron gun coﬁprising a
plurality of.electrodes, an electron beam deflection device
and a phosphor écreen,

said method including placement of pole piece§ of
magnetic material sﬁbstantially symmetrically with respect
to and on opposite sides of a path of an undeflected
electron beam, in a deflection magnetic field produced by
said electron beam deflection device and thereby

es;ablishing at least one non-uniform magnetic field

distribution varying corresponding to a distribution of

said deflectioﬁ magnetic field in a path of an electron

"beam and correcting deflection defocusingof said electron

beam corresponding to deflection of said electron beam in
amount.

5. A method of correcting deflection defocusing in

—_—
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a cathode ray tube according to claim 4, wherein said at
least one non-uniform magnetic field has_a diverging action
on said electron beam.
6. A method of correcting deflection dEfOCUSiHQ in
a cathode ray tube according to claim 4; wherein said at
least one non-uniform magnetic field has a diverging action
on said electron beam and thereby correcting deflection
defOCUSing_corresponding to at least one of deflections in
a direction of scanning said electron beam and in a
direction perpéndicular to said direction of scanning said
electron beam in amount.
7. A method of correcting deflection defocusing in
a cathode ray tube including -an electron gun comériéing a
plurality of electrodes, an electron beam deflection device
and a phosphor screen,
said method including placement of pole pieces of
magnetic material substantially symmetrically with-respect
to and on opposite sides of a path of an undeflected
electron beam, in a deflection magnetic field produced by
said electron beam deflection device and thereby
establishing a non-uniform magnetic field varying
corresponding to a distribution of said deflection magnetic
field substantially centered about a central path of an
undeflected electron beam and correcting deflection

defocusing of said electron beam corresponding to

\
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deflection of said electron beam in amount.

8. A method of correcting deflection defocusing in
a cathode ray tube according to claim 7, wherein said non-
uniform magnetic field has a focusing effect on said
electron beam.

9. A method of correcting deflection,defocusing'in
a cathode ray tube according to claim 7, wherein said non-
uniform magnetic field has a focusing effect on said |
electron beam and thereby correcting deflection defocusing
corresponding to at least one of deflections in a direction
of scanning said electron beam and in a direction
perpendicular to said direction of scanning said electron
beam in amount.

10. A method of correcting deflectioh defocuéing
in a cathode ray tube including an electron gun comprising
a plurality of electrodes and generating three inline
electron beams, an electron beam deflection device and a
phosphor screen,

said method including placement of pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device and thereby
establishing at least one non-uniform magnetic field on
each of sides in a direction perpendicular to said inline
direction, of a central path of each of said three electron

beams at zero deflection,
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said at least one non-uniform magnetic field having
a diverging effect on said three electron beams
corresponding to deflection of said three eiectron beams in
amount.

11. A method of correcting deflection defocusing
in a cathode ray tube including an electron gun comprising
a plurality of electrodes and generating three inline
electron beams, an electron beam deflection.device and a
phosphor screen,

said method including placement of pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device and thereby'
establishing at least one first non-uniform magnetic field
on each of sides in a direction perpendicular to saidt
inline direction, of a central path of each of said three
electron beams at zero deflection, said at least one first
non-uniform magnetic field having a diverging effect on
said three electron beams corresponding to deflection of
said three electron beams in amount,

and establishing at least one second non-uniform
magnetic field centered about a central path of each of
said three electron beams at zero defleétion, said at least
one second non-uniform magnetic field having a focusing
effect on said three electron beams corresponding to
deflection of said three electron beams in amount.

-_
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12. A method of correcting deflection defocusiﬁg in
a cathode ray tube including an electron gun comprising a
plurality of electrodes and generating an electron beam, an
electron beam deflection device and a phosphor screen,

said method including placement of pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device and thereby
establishing at least one non-uniform magnetic field.on
each of éides of a central path of each of said electron

beam at zero deflection for correcting deflection

defocusing corresponding to deflection of said electron

beam,

a difference between a maximum and a minimum of a
magnetic flux traversed by said electron beam in said:non—
uniform magnetic field being in a range of 1% to 30% of a
magnetic flux interlinked by said electron beam.

13. A method of correcting deflection defocusing
in a cathode ray tube according to one of ciaims 1l to 12,
wherein said pole pieces are made of soft magnetic
material.

14. A method of correcting deflection defocusing
in a cathode ray tube according to one of claims 1 to 12,
whergin said pole pieces are made of soft magnetic material
having relative magnetic permeability of not lees than 50

at room temperature.
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15. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field on each of sides of a
central path of said electron beam at zero deflection for
correcting deflection defocusing corresponding to
deflectioﬁ of said electron beam,

said pole pieces being disposed in a region having
a magnetic flux density not less thaﬁ 5% of a maximum of a
distribution of said deflection magnetic field.

16. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field on each of sides of a
central path of said electron beam at zero deflection for
correcting deflection defOCUSinglcorresponding to

deflection of said electron beam,
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said pole pieces being disposed within 50 mm from a
magnetic core of said electron beam deflection device
toward a cathode of said electron gun.
17. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,
said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing aﬁ
least 6ne non-uniform magnetic field on each of sides of a.
central path of said electron beam at zero deflection for
éorrecting deflection defocusing corresponding to
deflection of said electron beam,
said pole pieces being disposed in a region having
a magnetic flux density B satisfying a relationship below,
B/(a square root of Eb)= 0.2

where Eb is an anode voltage of said electron gun in
kilovolts, and
.B is a magnetic flux density in mT.

18. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
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magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field on each of sides of a
central path .of said electron beam at zero deflection for
correcting defl;etion:defocusing corresponding to
deflection of said electron bean,

a maximum of a distribution of said non-uniform
magnetic field magnetic field being not less than 5 % of a
maximum of a distribution of said deflection magnetic
field.

19. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field on each of sidés of a
central path of said electron beam at zero deflection for
correcting deflection defocusing corresponding to
deﬁlection of said electron beam/

said pole pieces being disposed in a region having
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a magnetic flux density B satisfying a relationship below,
B/ (a square root of Eb) & 0.001

where Eb is an anode voltége of said electron gun in
kilovolts, and
B is a magnetic flux density in mT.

20. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an -
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at -
least one non-uniform magnetic field on each of sides of a
central path of said electron beam at zero deflectiontfor
correcting deflection defocusing corresponding to
deflection of said electron beam,

a gap between pole tips of said pole pieces being
not less than 10% of a diameter of an aperture in an anode
on a side facing a main lens of said electron gun, and said
diameter being measured in a direction perpendicular to a
scanning direction of said electron beam.

21. A cathode ray tube includiné an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an

electron beam deflection device,
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said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflectioﬁ device for establishing at
least one non-uniform magnetic field on each of sides of a
central path of said electron beam at zero deflection for
correcting deflection defocusing correspoﬁding to
deflection of said electron beam,

an aperture in an electrode mounting said polé
pieces thereon being configured such that a diameter
thereof in a direction perpendicglar to a scanning iine of
said electron beam is larger than a diameter thereof in a .
Qirection of said scanning line.

22. A. cathode ray tube including an electron gun
comprising a plurality of electrodes and generating aﬁ
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cafhode ray. tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said eiectron beam deflection device for establishing at
1ea$t one non-uniform magnetic field on each of sides of a
central path of said electron beam at zero deflection for
correcting deflecéiqn defocusing correspbnding to
deflection 6f said electron beam,

an aperture in an electrode of said electron gun

mounting said pole pieces thereon being so configured to
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have a slot extending in a direction perpendicular to a
scanning line of said electron beam.

23. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating three
inline electron beams and a phosphor screen for use with.an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field prodﬁced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field on each of sides of a
central path of said electron beam at zero deflection for
correcting deflection defocusing corresponding to
deflection of said electron beam,

an aperture in an electrode of said electron ghn
mounting said pole pieces thereon being common to said
three electron beams.

24. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating three
inline electron beams and a phosphor screen for use with an
electron beam deflection device,

said cathode ray.tube including pole pieces of
magnetic material in a deflegtion magnefic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field on each of sides of a
central path of said electron beam at zero deflection for

\\
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correcting deflection defocusing'corresponding to
deflection of said electron beam,

a distance.between centers of distributions of said
at least one non-uniform magnetic field on each of sides of
a central path of said electron beam at zero deflection’
being not less than 10% of a diameter of an aperture in an
anode on a side facing a main lens of said electron gun,
and said diameter being measured in a difection
perpendicular to a scanning direction of said electron
beam.

25. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non—unafbrm magnetic field having a distribution
centered about a céntral path of said electron beam at zero
deflection for correcting deflection defocusing
corresponding to deflection of said electron beam,

said pole pieces of magnetic material being
disposed in a region having a magnetic flux density not
less than 0.05% of a maximum of a distribution of said

magnetic deflection field.
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26. A cathode ray tube inéluding an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with aﬁ
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least a non-uniform magnetic field having a distribution
centered about a central path of said electron beam at zero
deflection for correcting deflection defocusing
corresponding to deflection of said electron beam,

said pole pieces of magnetic material being
disposed within 50 mm from an end of a magnetic core of
said electron beam on a cathode side thereof toward said
cathode. |

27. A cathode ray tubé including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field having a distribution
centered abouf a central path of said electron beam at zero

deflection for correcting deflection defocusing
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corresponding to deflection of said electron beam,
said pole pieces of magnetic being disposed in a
region having a magnetic flux density B satisfying a
relationship below,
B/ (a square root of Eb) = 0.003

where Eb is an anode voltage of said electron gun in
kilovolts, and
B is a magnetic flux density in mT.

28. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field prod&ced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field having a distribution
centered about a central path of said electron beam at zero
deflection for correcting deflecpion defocusing -
corresponding to deflection of said electron beam,

a maximum of a distribution of said pole pieces of
magnetic material béing not less than 1% of a maximum of a
distribution of said deflection magnetic.field.

29. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating an

electron beam and a phosphor screen for use with an
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electron beam deflection device,
said cathode rayltube including pole pieces of
magnetic material in a deflection.magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field having a distribution
centered about a central path of said electron beam at zero
deflection for correcting deflection.defocusing
corresponding to deflection of said electron beam,
a maximum value B of a distribution of said at
least a non-uniform magnetic field satisfying a
relationship below,
B/ {a square root of Eb) £ 0.005

where Eb is an anode voltage of said electron gun in
kilovolts, and
B is a magnetic flux density in mT.

30. A cathode ray tube including an electron gun
comprising a plur&lity of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field having a distribution
centered about a centfal path of.said electron beam at zero
deflection for correcting deflection defocusing

\\‘
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corresponding to deflection of said electron beam,

a gap between pole tips of adjacent ones of said
pole pieces of magnetic material being not less than 10% of
a diameter of an aperture in an anode on a side facing a
main lens of said electron gun, and said diameter being
measured in a direction perpendicular to a scanning
direction of said electron beam.

31. A cathode ray tube including an electron-gun
comptiSing a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishiﬁg at
least one non-uniform magnetic field having a distribution
centered about a central path of said electron beam at zero
deflection for correcting deflection defocusing
corresponding to deflection of said eledtron beam,

an aperture in an electrode mounting. said pole
pieces-thereon being configured such that a diameter
thereof in a direction perpendicular to a scanning line of
said electron beam being larger than a diameter thereof in
a direction of said scanning line.

32. A cathode ray tube including an electron gun

- comprising a plurality of electrodes and generating an

-
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electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field having a distribution
centered about a central path of said electron beam at zero
deflection for correcting deflecﬁiﬁn defocusing
corresponding to deflection of said electron beam,

.an aperture in an electrode of said electron gun
mounting said pole pieces thereon being so configured to
have a slot extending in a direction perpendicular to a
scanning line of said electron beam.

33. A cathode ray tube including an electron éun
comprising a plurality of electrodes and generating an
electron beam and a phosphor screen for use with an
electron beam deflection device,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device for establishing at
least one non-uniform magnetic field having a distribution
centered about a central path of said electron beam at zero
deflection for correcting deflection defocusing “
corresponding to deflection of said electron beam,

an aperture in an electrode of said electron gun
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mounting_said pole pieces thereon being common to said
three electron beams.

34. A cathode ray tube including én electron gun
comprising a blurality of electrodes and generating Ehreé
inline electron beams, an electron beam deflection device
and a phosphor screen,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field prodﬁced
by said electron beam deflection device and thereby
establishing at least one non-uniform magnetic field on
each of sides of a central path of each of said three
electron beams at zero deflection,

a maximum value of a side-electron-beam related
distribution of said at least one non-uniform magnetid
field being different from a maximum value of a center-
electron-beam related distribution of said at least one
non-uniform magnetic field.

35. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating three
inline electron beams, an electron beam deflection device
and a phosphor screen,

said cathode ray tube including pole pieces of
magnetic material in a deflection magnetic field produced
by said electron beam deflection device and thereby

establishing at least one non-uniform magnetic field on
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each of sides of a centrai path of each of said three
electron beams at zero deflection,

a side-electron~beam related distribution of said
at least one non-uniform magnetic field being asymmetrical
with respect to a path of a side electron beam at zero
déflection of said three electron beams.

36. A cathode ray tube according to one of claims
15 to 35, wherein said pole pieces of magnetic material are
made of soft magnetic material.

37. A cathode ray tube according to one of claims
15 to 35, wherein said pole pieces of magnetic material are
made of soft magnetic material having a relative magnetic
permeability not less than 50.

38. An image display system employing a cathoae
ray tube according to one of claims 15 to 37.

- 39. A method of correcting deflection dEfOCUSiﬁQ
in a cathode ray tube including an electron gun comprising
a plurality of electrodes, an electron béeam deflection
device and a phosphor screen,

said method including placement of a pair of pole
pieces comprising a plurality of members of magnetic
material horizontally oriented with a gap therebetween
above and below a path of an undeflected electron beam in a
deflection magnetic field produced by said electron beam

deflection device,
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each of said gaps being in a region in the vicinity
of a plane including said path of said undeflected electron
beam and perpendicular to a direction of a horizontal
deflection of an electron beam.

40. A method according to claim 39, wherein each
of said plurality of members of magnetic material is
magnetically connected to one of said plurality of members
of magnetic material facing thereto across said path of
said undeflected electron beam, by means of a member of
magnetic material.

41. A method of correcting deflection defocusing
in a cathode ray tube including an electron gun comprising
a plurality of electrodes and generating three electron
beams in line, an electron beam deflection device and a
phosphor screen,

said method including placement of a pair of pole |
pleces comprising a plurality of members of magnetic
material horizontally oriented with a gap therebetween
above and below each path of said three electron beams at
Zexro deflection in a deflection magnetic field produced by
said electron beam deflection device,

each of said gaps being in a region in the vicinity
of a plane including each path of said three electron beams
at zero deflection and perpendicular to a direction of a

horizontal deflection of said three electron beams.
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42. A method according to claim 41, wherein each
of said plurality of members of magnetic material is
magnetically connected to one of said plurality of members
of magnetic material facing thereto across each path of
said three electron beams at zero deflection, by means of é
member of magnetic material.

43. A cathode ray tube including an electron gun
comprising a plurality of electrodes, an electron beam
deflection device and a phosphor screen,

said cathode ray tube includes a pair of pole
pieces comprising a plurality of members of magnetic
material horizontally oriented with a gap therebetween
disposed above and below a path of an undeflected electron
beam in a deflection magnetic field produced by said
electron beam deflection device,

each of said gaps being in a region in the vicinity
of a plane including said path of said undeflected electron
beam and perpendicular to a direction of a horizontal
deflection of an electron beam.

44. A method according to claim 43, wherein each
of said plurality of members of magnetic-material is
magnetically connected to one of said plurality of members
of magnetic material facing thereto across said path of
said undeflected electron beam, by means of a member of

magnetic material.
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45. A cathode ray tube including an electfon gun
comprising a plurality of electrodes and generating three
electron beams in line, an electron beam deflection device
and a phosphor screen,

said cathode ray tube including a pair of pole
pieces comprising a plurality of members of magnetic
material horizontally oriented with a gap therebetweén
disposed above and below each path of said three electron
beams at zero deflection in a deflection magnetic field
produced by said electron beam deflection device, .

each of said gaps being in a region in the vicinity
of a plane including each path of said three electron beams
at zero deflection and perpendicular to a direétion of a
horizontal deflection of said three electron beams.

46. A cathode ray tube according to claim 45,
wherein each of said plurality of members of magnetic
material is magnetically connected to one of said plurality
of members of magnetic material faciﬁg thereto across each
path of said three electron beams at zero deflection, by
means of a member of magnetic material.

47. A method of correcting deflection .defocusing
in a cathode ray tube including an electron gun comprising
a plurality of electrodes, an electron beam deflection
device and a phosphor screen,

said method including placement of a pair of
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vertically extending members of magnetic material above and
below a path of an undeflected electron beam in a region in
the vicinity of a plane including said path of said
undeflected electron beam and perpendicular to a direction
of a horizontal deflection of an electron beam, in a
deflection magnetic field produced by said electron beam
deflection device.

| 48. A method of correcting deflection-defocusing
in a cathode ray tube including an electron gun comprising
a plurality of electrodes and generating three electron
beams in line, an electron beam deflection device and a
phosphor screen,

said method including placement of a pair of

vertically extending members of magnetic material above and

below each path of said three electron beams at zerxro

deflection in each region in the vicinity of each plane

inclﬁding each paéh of said three electron beams at zero
deflection and perpendicular to a direction of a horizontal
deflection of said three electron beams, in a deflection
magnetic field produced by said electron beam deflection
device.

49. A cathode ray tube including an electron gun
comprising a plurality of electrodes and generating three

electron beams in line, an electron beam deflection device

and a phosphor screen,
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said cathode ray tube including a pair of
vertically extending members of magnetic material disposed
above and below each path of said three electron beams at
zero deflection in each region in the vicinity of each:
plane including each path of said three electron beams at
zero deflection and perpendicular to a direction of a
horizontal deflection of said three electron beams, in a
deflection magnetic field produced by said electron béam
deflection device. |

50. A method of correcting deflection defocusing
in a cathode ray tube including an electron gun comprising
a plurality of electrodes and generating thrée electron
beams in line, an electron beam deflection device and a
phosphor screen, —

said method including production of three magnetic
field distributions varying along a plane perpendicular to
a tube axis, adjacent éaths of said three electron beams,
respectively,

each of said magnetic field distributions having a
respective peak of a same magnetic polarity in common for
all of said three magnetic distributions to either focus or
diverge all said three electron beams at an instant,

by disposing a plurality of magnetic members in a
region adjacent each path of said three electron beam in a

deflection magnetic field produced by said electron beam
R
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deflection device.
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